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CHEMISTRY I 
The Elements 


The Order of Atoms 
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Whether gas, liquid, or solid, every bit of 
matter in the universe is composed of 
atoms. When every atom in a bit of mat- 
ter is identical in all respects, the matter 
is said to be an element. Thus, mercury 
in a frozen, solid state, or as the normally 
encountered silvery liquid, or as the gas- 
eous vapor seen in street lights, is com- 
posed of identical atoms. 

There are 92 natural elements scattered 
in varied amounts about the Earth, and 
a few more that have been created 
through applied nuclear physics. No 
matter what the source, each element 
has properties governed by a set of peri- 
odic laws—properties that distinguish it 
from all other elements. 

One of the more important properties 
of an element is its ability to combine 
with other elements to form compounds. 
The tendency to combine is a chemical 
property, and is possessed to a greater or 
lesser degree by every element. Some cle- 
ments, such as oxygen, show a vigorous 
combining power, while others show little 
or no ability to form compounds; the 
noble gases (helium, neon, argon, kryp- 
ton, xenon, and radon) are examples of 
the latter. 

While the noble gases are unique in 
their chemical inertness, the atoms of all 
other elements can be classified in groups 
according to the similarity of their chem- 
ical properties. 


UNIFORMITY OF THE CHEMICAL 
CHARACTERISTICS OF ATOMS 


In order to see the interrelationship of 
elemental groups, more is required than 
a simple listing of the elements by their 
chemical characteristics. For example, a 
characteristic shared by almost every ele- 
ment is the ability to combine with oxy- 
gen. A list prepared using this criterion 
would, for all practical purposes, contain 
all the elements except oxygen and the 
noble gases. 

A more realistic approach is to assign 
each element an atomic number based 
on the extent of positive nuclear charge 
(also called proton charge). This method 
is chosen because the atoms of each ele- 
ment have a proton charge unique to 
that element. Thus, only hydrogen can 
have an atomic number of 1, helium an 
atomic number of 2, lithium an atomic 
number of 3, and so on through the nat- 
ural and man-made elements. 

Since the number of protons in an 
atom's nucleus determines its positive 
charge, it will also determine the extent 
of negative charge on the atom. This is 
true because a neutral atom contains as 

many negatively charged electrons as 
positively charged protons. 


The electrons are arranged about the 
nucleus in a series of orbits extending 
outward from the nuclear mass. While 
the concept of orbital electrons is de- 
scriptive, it is not totally accurate be- 
cause the positions of the electrons are 
not fixed. Rather, electrons can be found 
in a series of concentric shells that sur- 
round the nucleus. Each atom has from 
one to seven such shells, depending on 
the element. Furthermore, each shell may 
consist of an additional number of sub- 
shells, from one to four. 

Only when the combined total of elec- 
trons in an atom's shells and subshells 
equals the positive nuclear charge is the 
atom neutral However, in terms of 
chemical behavior it is only the outer- 
most shell (the one farthest from the 
nucleus) and its electron complement 
that are of interest here. 

Now, if all the elements are listed in 
ascending order of their atomic num- 
bers, and the electron complement for 
each atom is added to the list, an inter- 
esting pattern emerges. First, with almost 
complete uniformity every eighth ele- 
ment appears to repeat the chemical or 
physical properties of the element that 
precedes it by eight places. Secondly, 
the outermost shell's electron configura- 
tion also tends to show repetition. These 
phenomena, called periodicity, form the 
basis of the periodic table of the elements. 


THE PERIODIC TABLE 
OF THE ELEMENTS 


In the development of the periodic table, 
the number eight is an important con- 
sideration. Generally, when the number 
of electrons in the atoms can be estimated 
by some multiple of eight, a new period 
of elements begins. Thus, the list of ele- 
ments can be reworked into a series of 
horizontal lines (the periods) when any 
of the following conditions are met: 


1. Whenever an element has eight elec- 
trons in its outermost shell; 

2. Whenever there are less than eight 
outermost electrons, but when the 
next-to-outermost shell is complete; 

3. Whenever the outermost shell con- 
tains zero or two electrons and the 
next-to-outermost shell contains 18 
or 16 electrons, respectively. 


Following these guidelines, the pe- 
riodic table of the elements has been 
developed, as illustrated. Each element 
has been placed in its own square, and is 
shown in relation to all the other ele- 
ments. Each position contains the name 
of the element and its chemical symbol 
(for example, H — hydrogen), the ele- 
ment's atomic number, and physical data 


such as atomic weight, melting and boil- 
ing points, and crystal structure. 

The two columns on the right represent 
the so-called lanthanide series and the 
actinide series. Because they vary only 
slightly from their namesakes (lanthanum 
and actinium, respectively) they should 
be contained in the same squares. 

Chemical properties repeat themselves 
in each column and vary consistently 
along each line. 


GROUPS, PERIODS, 
AND VALENCE 


Standing alone in Period 1, hydrogen is 
unique. It is the only element so situated. 
As can be seen, all other elements share 
a period. Element 2, helium, begins the 
second period. Like all the noble gases, 
helium has a complete outer shell. Fo: 
this reason, the noble gases are really a 
group unto themselves, and could bc 
represented separately on the periodic 
table. For the sake of uniformity, how 
ever, they are placed as the first elements 
in the periods. 

The vertical columns represent groups 
whose members have similar chemical 
properties. Valence is the term used to 
describe the capacity of an element's 
atoms to combine with those of another 
element. The value of a given valence is 
determined by the number of electrons 
in the outermost shell in a neutral atom. 
It is important to note that some atoms 
in a chemical reaction lose their neutral 
status to become charged particles called 
ions. In so doing, the tendency is to gain 
or lose electrons to create a complete 
shell. Thus, if an atom loses electrons in 
a reaction, the net charge created is 
positive because the number of protons 
does not change. Conversely, a gain of 
electrons creates a negative charge. 

The extent of an atom’s, or ion's, va- 
lence is expressed by a figure equal to 
the number of hydrogen atoms with 
which the element can combine. Hydro- 
gen's valence is a constant value of 4-1. 
Therefore, since two atoms of hydrogen 
combine with a single oxygen atom in 
the formation of water, oxygen has a 
valence of 2. Because in the process it is 
easier for oxygen to gain two electrons 
rather than release six (tliere are six 
electrons in oxygen's outermost shell), its 
valence is —2. On the other hand, when 
lithium combines with hydrogen, it read- 
ily gives up its single available electron, 
creating an extra positive charge of +1. 
Whether or not an element is reacting 
with hydrogen, the same rule applies. 

Some elements have more than one 
valence, and all are dependent on the 
outer electron arrangement. 


Ir /5. while working with gold ores 
fr lombia, the Spanish scientist An- 
tor le Ulloa discovered a metal whose 


I ties were similar to those of gold, 
b xose color was silver. Hence, the 
1 platinum, from the Spanish platina 
fo ver. 


igh itself quite rare, platinum (Pt) 
is most abundant of the so-called 


p! n group of metals (ruthenium, 
rh m, palladium, osmium, iridium, 
and latinum). These metals resemble 
on ther closely in their chemical and 
phy al properties, and are often found 
asse ited in deposits. 


\ PLATINUM DEPOSITS 


In re, platinum is found in the ele- 
m state, either alone or mixed with 
ot! tals. As such, it occurs as grains 
or nuggets. Because it has a very 
h cific gravity of 21.45 (meaning 
tl weight is 21.45 times that of 
W it is easily separated from its 
er ! ores by sedimentation. 

najor platinum deposits are in the 
fo alluvial clay, in which the metal 
ap as grains in the ratio of about 0.1 


or per ton of clay. The richest de- 
po. re in Canada and the Urals of the 
Sc Union, Small quantities are also 


m in the western United States 
whe: platinum occurs as a pure metal. 
Colo bia, the source of its discovery, 
still contributes significantly to the 


NATIVE PLATINUM—Elementary platinum is 
often found as grains, roundish masses, or 
nuggets. 


p ATINUM | a rare and useful metal 


world’s platinum supply. In Canada, the 
metal is found combined with arsenic in 
the mineral sperrylite (PtAsz), and is 
also associated with two other important 
metals: copper and nickel. Because of the 
economic importance of the latter ele- 
ments, the commercial extraction of plat- 
inum is a routine matter. The relative 
scarcity of platinum is attested to by an 
annual world production on the order of 
40 tons. 


EXTRACTION PROCESSES 


Where platinum has been deposited as a 
native element, mining is essentially a 
two-step operation. First, the metal is 
mined as the raw element along with 
rock or alluvial clay. Then, platinum is 
separated from any elements that are as- 
sociated with it. The first part of this 
operation is mechanical, involving the 
breaking up of platinum-bearing rock 
and separation of the heavy metal with 
running water. The second operation, 
however, poses a more complex problem, 
since the metals associated with the plat- 
inum are close relatives. Thus, these met- 
als have similar chemical properties, ne- 
cessitating the use of special techniques 
for isolation of the platinum. These tech- 
niques subject the mixture of platinum 
and its associated metals to a series of 
chemical reactions that allow each to be 
separated. 


A NOBLE METAL 


Platinum, like gold and silver, is a so- 
called noble metal because it exhibits lit- 
tle tendency to change from the elemen- 
tal metallic state to an ionic state. By 
contrast, sodium changes vigorously from 
its metallic form to an ionic state. 

Platinum is totally unaffected by air or 
water at any temperature or by a major- 
ity of common oxidizing agents. This 
property explains why platinum oxide is 
not easily obtainable. 

Platinum salts include the halides, a 
hydroxide, sulfate, and telluride among 
its more stable compounds. The chloride 
and iodide are important because of the 
complexes they form (for example, 


PLATINUM INGOT—Free of impurities, this 
ingot is ready for use in jewelry or analytical 
equipment. 


H3PtCl;). Such complexes are obtained 
by reacting platinum with an acid mix- 
ture, aqua regia, which consists of a mix- 
ture of concentrated nitric and hydrochlo- 
ric acids—one of the few mixtures with 
which platinum forms compounds. 

Another important complex is barium 
platinocyanide, a fluorescent substance 
used in screens for radioscopic equip- 
ment. When struck by x-rays, this salt 
emits a greenish light due to excitation of 
its electrons. 

Because of its almost total inertness, 
platinum is used to make specialized 
scientific equipment for use in chemical 
analysis. Some compounds, however, will 
attack the metal (in addition to aqua 
regia ). Sodium and potassium hydroxides 
at temperatures above 400? C (752? F), 
cyanides, sulfides, and selenic acid all 
corrode platinum. 

Lead, arsenic, antimony, and other 
metals can be dissolved in platinum, al- 
loying with the metal well below its melt- 
ing point: 1,773? C (about 3,223? F). The 
fusion of such metals in platinum con- 
tainers thus means that the metal be- 
comes contaminated and useless for fur- 
ther analytical purposes. 


A SURPRISE PROPERTY 


Metallic platinum is obtainable in a finely 
divided form called platinum black or 


PLATINUM CRUCIBLES—Resistant to most 
types of corrosion, platinum crucibles such as 
these are used in chemical analysis. 


platinum sponge. As such, it has the prop- 
erty of adsorbing large quantities of hy- 
drogen, making it a valuable catalyst in 
hydrogenation reactions. In this form, the 
metal is used to obtain the most active 
molecular hydrogen/atomic hydrogen 
equilibrium (H,—2H). Platinum cata- 
lysts can also be activated with oxygen. 

Thus, platinum acts both as an oxida- 
tion catalyst and reduction catalyst. As 
such, it is used in the oxidation of am- 
monia (NHs) to nitric oxide (NO), a re- 
action difficult to achieve with any other 
catalyst. 

Since platinum is able to adsorb hydro- 
gen, it also finds use in the purification of 
this gas. Here, a membrane of platinum 
acts as a one-way sieve, preventing pas- 
sage of all but hydrogen molecules. 


USES 


Besides its chemical properties, platinum 
possesses extreme ductility and mallea- 
bility. These physical characteristics are 
used in the making of extremely thin 
needles, wire, or plate—which may be as 
small as a few thousandths of a millimeter 
in cross section. One gram of the metal is 
sufficient to manufacture about 30 mi of 
wire having a diameter of 0.001 mm. 


The coefficient of expansion of plat- 
inum is so slight that an object made of 
the pure metal will expand less than 
0.000009 of its length per degree of tem- 
perature rise. This coefficient is identical 
to that of crown glass (used in optics), so 
the welding of the two poses no problems. 

The electrical resistance and its tem- 
perature coefficient for platinum are rela- 
tively high for a metal, and the resistance 
of coils of pure platinum wire gives a 
precise measure of temperature. The in- 
ternational temperature scale from —190 
to 660? C (—310 to 1,220? F) is defined 


PLATINUM WIRE—The ductility of platinum al- 
lows it to be drawn into extremely fine wire. 


in terms of such a platinum resistance 
thermometer. At higher temperatures, 
from 660 to 1,063° C (1,220 to 1,945° F)— 
the melting point of gold—the interna- 
tional temperature scale is defined by the 
electromotive force of a thermocouple 
with a wire of pure platinum against an- 
other of the alloy 90 percent platinum 
and 10 percent rhodium. 

Platinum is used in preparing electrical 
contacts and sparking points because it 
resists the high temperature and chemical 
attack of electric arcs. The manufacture 
of dental alloys consumes large amounts 


PLATINUM BLACK—Obtained by separati 
platinum from its salts, platinum black is us: 
as a catalyst. 


of the metal also. The prototype intern 
tional standard meter of length and th 
standard kilogram of mass have be 
made from the alloy 90 percent platinu: 
and 10 percent iridium. Platinum is use 
to electroplate fine laboratory weight 
and in the chemical industry for object 
that must resist corrosion. 

Similar in brilliance to silver, but lack 
ing silver's tendency to tarnish, platinun 
finds extensive use in jewelry. Its mallea- 
bility and ductility also make it very suit- 
able for engraving—more so than white 
gold, a nickel-gold alloy used in place of 
platinum. However, platinum is costly, 
and used only in expensive settings. 

Platinum black is obtained by the sep- 
aration of the metal from solutions of 
its salts. Its black appearance is due to 
the microscopic size of platinum black, 
although the metal is as pure as its silvery 
counterpart. Microscopic platinum is im- 
portant industrially as a catalyst, where 
many reactions can be accelerated. A kilo- 
gram of platinum black spread on woven 
asbestos is capable of combining thou- 
sands of cubic meters of nitrogen and 
hydrogen into ammonia every hour. Simi- 
larly, sulfur trioxide (used in making sul- 
furic acid) can be obtained from the com- 
bination of sulfur dioxide and oxygen. 


ALLINE STRUCTURE—Within metallic 
m, atoms are arranged in an orderly 

one atom at each corner of a cube 
è in the center of each face. A piece 
num is made up of an enormous num- 


NUM ISOTOPES—With regard to elec- 
arrangement, all platinum atoms are 

al. However, not all nuclei are similar, 

f ‘is accounts for an element's isotopes. 
3 Illustration, the height of the gray 

n shows the relative abundance of the 

ium isotopes. They differ from one an- 

by virtue of their nuclear constitution; 

* nuclei always have the same number of 
pcsliively charged protons (in a number equal 


Yo 


100 % 


1/1000 
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THE ELECTRON CONFIGURATION OF PLAT- 
INUM—The illustration represents the 78 elec- 
trons in position around a platinum nucleus. 
The electrons are arranged in orbits, or shells, 
at varying distances from the nucleus. In 
reality, the position of any electron at a given 
instant is not fixed, nor are the electrons in a 
two-dimensional plane. 


-— ar 


ber of these cubes, each touching its neigh- 
bors in such a way that the cube faces are 
shared. The actual size of the cube in this 
illustration is such that a single face measures 
3.9142 ten-millionths of a millimeter across. 


———————————— 
MELTING AND BOILING POINTS, DENSITY, 
AND ABUNDANCE IN THE EARTH'S CRUST— 
In this illustration, the density of platinum 
is compared to that of water, air, and hydro- 
gen, while its natural occurrence is contrasted 
to that of iron, manganese, germanium, and 
Silver. 


to that of the electrons, in this case 78). How- 
ever, the nuclei may contain differing numbers 
of neutrons—particles of zero charge that 
add only mass to the nucleus. Four combina- 
tions of protons and neutrons (those with mass 
numbers 191, 193, 197, and 199) do not form 
stable nuclei. Combinations of this type dis- 
integrate spontaneously, producing radioac- 
tivity. Such nuclei are found in nature, but are 
produced artificially in atomic reactors. 


ABUNDANCE 
IN THE 
EARTH'S CRUST 


MELTING AND 
BOILING POINTS, °C 
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HYDROGEN 


As early as the beginning of the present 
century, scientists had reached the con- 
clusion that matter consisted of the union 
of atoms. It was also believed that these 
atoms were of different kinds, although 


| the smallest atom 


their number was fairly limited when 
compared with the huge number of com- 
pounds found in nature. By 1900, many 
of the elements had been identified. The 
mystery at that time was how the single 


la 


A PLANET REVOLVING AROUND THE SUN— 
Suppose from a point in space one could ob- 
serve the sun and the Earth for a year. During 
this time, the Earth would carry out one rev- 
olution around the sun, moving in a somewhat 
circular orbit, as shown in Illustration 1a. At 
the moment in which the observation was be- 
gun, the Earth was traveling in the direction 
indicated by arrow v. If there were no sun, the 
Earth would continue to travel in a straight line 
in space in the direction of this arrow. How- 


ever, it actually moves in a circle, which 
means that its direction is continually chang- 
ing. As it is obliged to move in a circle, the 
Earth is subjected to a centrifugal force c, 
which continuously tends to push it out of its 
orbit. This force is the reaction to the force 
of gravity ag attracting the Earth toward the 
sun. The sun has a huge mass and its force of 
gravitational attraction ag is enough to pre- 
vent the Earth from moving away from it. 


AN ELECTRON REVOLVING AROUND A PRO- 
TON—If an electron could be seen revolving 
around a proton, the same activity as was 
shown in the preceding illustration might be 
observed: one sphere revolving around an- 
other sphere in a circular orbit. As shown in 
Illustration 1b, ¢ is the centrifugal force acting 
on the electron, ae is the force attracting it 
toward the nucleus, and v is the velocity and 
the direction in which it is traveling. As in the 
previous illustration, the force attracting the 
electron toward the center of its orbit (toward 


1b 


the proton) is equal to the centrifugal force. 
The difference lies in the nature of the force 
binding the electron to the proton; in this 
case it is an electrical force. The proton is 
positively charged and the electron is nega- 
tively charged. These two equal and opposite 
charges attract each other and the closer they 
are together, the greater the attraction. The 
attractive force is equal to the centrifugal 
force. The two forces are in equilibrium and 
the electron revolves around the proton in a 
circular orbit. 


particles (the atoms—those indivisible 
units identical in each element but dif- 
ferent in different elements) were con 
structed and the nature of more elemen 
tary particles (if any) making up th 
atoms. 

The first scientist to shed light on th 
problem was the English physicist Ernes 
Rutherford. In 1912, he conducted hi 
now famous experiment on the diffusio 
of alpha particles through metal foil 
This was the first of a long series of sim 
lar experiments, resulting in the initi: 
concepts of the structure of matter. 

The atom consists essentially of a pa: 
in which the mass is concentrated an 
which is positively charged (the nucleus 
and of another part that has almost n 
mass and is negatively charged (the elec 
trons). The electrons neutralize the pos 
tive charge of the nucleus and are di: 
tributed around it, occupying a larg 
volume. 

The German physicist Hans Wilhel: 
Geiger repeated Rutherford’s experimen 
on different metal foils (copper, silver 
and platinum) and with very accurat 
measurements was able to calculate th: 
nuclear charge of the metals themselves 
When the charge of the nucleus for eac} 
of the known elements had been deter 
mined, it was found that the element 
could be ordered by charge into a "pe 
riodic system." It was found that this ar 
rangement by charge coincided almos! 
exactly with that table of elements draw: 
up by the Russian chemist Dmitri Men- 
deleev in 1869, in which he used atomic 
weight as the criterion for arrangement 
It was, therefore, logical to choose the 
simplest element-hydrogen (H)—as a 
starting point for research into the in- 
ternal structure of atoms. 


A TINY SOLAR SYSTEM 


The Danish physicist Niels Bohr first ar- 
rived at the conclusion that the negative 
particle-which has only a tiny mass 
(electron) and must lie on the outside 
of the nucleus (a single proton )—rotates 
around the nucleus in a well-defined 
orbit. Bohr imagined the hydrogen atom 
as resembling a tiny solar system in which 


the nucleus (proton) is the sun and the 
tron is its tiny planet rotating around 
‘lustration 1). Bohr limited his anal- 
vith the planetary system to this 
aspect. It was later postulated that 
lectron orbit could not be of any 
r size whatever, as in the case 
: planets, but that its radius must 
ertain values. Only in these values 
condition fulfilled whereby the 
n dissipates no energy in traveling 
Í its orbit. 
tron orbits are said to be quantized, 
they behave as predicted by the 
in theory. This theory interprets 
y world of the atom as a system in 
the electrons can occupy only 
having certain values if the elec- 
ire not to lose energy. This is in 
t with the classical Maxwell- 
; theory (developed by the Scot- 
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tish physicist James Maxwell and the 
Dutch physicist Hendrik Lorentz), which 
states that an electric charge in uniform 
motion, in a line that is not straight, must 
give off electromagnetic energy ( Illustra- 
tion 2). 

In the hydrogen atom, the electron is 
normally in a circular orbit having a 
radius of 0.53 A (Angstroms). It is then 
said to be in the fundamental or ground 
state. The other possible orbits are larger 
and the electron can enter them only if 
it has a certain energy value that is 
greater than its energy in the fundamen- 
tal state. This additional energy is re- 
ceived from the outside, in the form of 
thermal or other excitation. 

The same quantity of energy will be 
emitted in the form of light when the 
electron returns from an outer orbit to 
an inner one having less energy. It fol- 


ELECTRONS RADIATING ENERGY—Suppose 
an electron is shot against another similarly 
charged particle (another electron) so that it 
comes to a stop. The kinetic energy of the 
electron due to its motion is transformed into 
electromagnetic energy. The electromagnetic 
radiation given off takes the form of a radio 
wave, visible light, ultraviolet radiation, or 
x-rays, depending on the amount of energy to 
be dissipated. X-rays have the highest energy 
and are only obtained by slowing down very 
fast particles; the other radiations have pro- 
gressively less energy and come from slower 
particles (Illustration 2a). 

If a charged particle (for example, an elec- 
tron) is made to pass near another oppositely 
charged particle (for example, a proton), the 
electron deviates from its path and in doing 
so gives off energy in the form of electromag- 
netic radiation, as shown in Illustration 2a. In 
Illustration 2b the electron is slowed down and 
instead of traveling in an orbit of the kind 
shown in Illustration 1b, it falls into the nu- 
cleus after following a spiral trajectory. 

When accelerated, slowed down, or devi- 
ated, an electric charge gives off the energy 
it possessed in the form of radiation. Why does 
this not happen in the hydrogen atom? 

The electron of the hydrogen atom can only 
stay in certain orbits. The electron revolving 
around the proton in a hydrogen atom does 
not radiate its energy if it is contained in cer- 
tain orbits. It is usually to be found in the first 
orbit, which has a diameter of less than 1 À 
(one hundred-millionth of a centimeter, which 
is the diameter of the hydrogen atom under 
normal conditions). On the other hand, if the 
hydrogen atom is involved in a collision, the 
electron may be bounced into an orbit having 
a larger diameter than that mentioned above 
(Illustration 2c). However, the electron does 
not stay in this orbit; it returns as soon as 
possible to the one having a diameter of less 
than 1 A. This is why all hydrogen atoms are 
identical. 


THE COLLISION OF HYDROGEN ATOMS—If 
two hydrogen atoms smash into each other 
violently enough, the electrons can be sepa- 
rated from the nuclei. However, if these sep- 
arate particles approach each other closely 
enough, they join up to form new hydrogen 
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lows, then, that the various jumps the 
electron makes in returning to inner orbits 
should correspond to the emission of a 
well-defined quantity of energy. In terms 
of light energy, these jumps should cor- 
respond to certain wavelengths, and thus 
to certain colors, of the light emitted. 

The study of the emission spectrum of 
hydrogen and the lines appearing in it— 
light having certain wavelengths—has 
provided much evidence in support of 
Bohr's theory. This is an excellent exam- 
ple of an a posteriori confirmation of a 
bold, new theory. 

The spectral lines mentioned above are 
grouped into various series: the Lyman 
series, which lies in the ultraviolet re- 
gion; the Balmer series, consisting of 
visible radiation; and the Paschen and 
the Brackett series, which lie in the infra- 
red region. The lines correspond to elec- 
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ATTRACTION AND DISTANCE — An electron 
placed at a great distance from a hydrogen 
atom is not appreciably affected electrically. 
It is repelled by one charge as much as it is 
attracted by the other. In effect, the two forces 
balance each other out (Illustration 4a). At a 
very short distance from the two particles mak- 
ing up a hydrogen atom, a third particle is at- 
tracted strongly by one particle and repelled 
weakly by the other (Illustration 4b). 

If two hydrogen atoms are separated by a 


tron jumps from the outermost orbits to 
the first (fundamental state), second, 
third, and fourth orbits, respectively. AII 
the series are present in an ordinary hy- 
drogen emission spectrum because (sta- 
tistically speaking) all possible energy 
transitions are taking place in any given 
group of hydrogen atoms. 

Emission spectroscopy has always been 
a guide to the electron state of all atoms. 
Their orbits, even after Bohr's theory was 


ISOTOPES OF HYDROGEN: DEUTERIUM AND 
TRITIUM—An atom composed of a deuteron 
(a particle formed by combining a neutron and 
a proton) and an electron is known as heavy 
hydrogen or deuterium (Illustration 5a). One 
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distance approximately equal to the diameter 
of the sphere of the atom, a strong enough 
attraction exists to bind them together. These 
atoms then form molecules (Illustration 4c). 
The origin of this force of attraction has not 
been examined in depth here. It is sufficient to 
know that it exists—that the atoms are linked 
in pairs when hydrogen gas is held at an ordi- 
nary temperature—and that it is produced by 
the electrical charges of the individual par- 
ticles forming the atoms. 


superseded, have always been indicated 
with the letters s, p, d, and f, which stand 
for sharp, principal, diffuse, and faint and 
which are used to classify the intensity 
of the light radiation corresponding to 
the electron jumps generating the radia- 
tion. Each element or atom has as many 
characteristic spectra as it has electrons. 
Line spectra are characteristic of atoms 
or ions, while band spectra originate in 
molecules. 


hydrogen atom in 6,000 is a deuterium atom. 
An atom having as its nucleus a particle com- 
posed of a proton and two neutrons and sur- 
rounded by a single electron is known as 
tritium (Illustration 5b). A few tritium atoms 
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SOMEWHAT DIFFERENT 
HYDROGEN ATOMS 


The hydrogen proton (also called th 
nucleus, because it lies at the center < 
the atom), is 1,836 times heavier than tl 
electron revolving about it; both partic! 
carry an electrical charge. If the hydr 

gen nucleus were heavier and its char 

remained unchanged, the resulting ato 
would have the same chemical properti 
as normal hydrogen, because the electr: 

and its bonding (electrostatic attractio: 
to the nucleus determine the chemic 

properties. 

If a neutron is bonded to a proton 
particle is obtained whose mass is nea: 
twice that of the proton, but whc 
charge is no different from that of t 
proton alone; this particle is the deuter: 
(see Illustration 5). If two neutrons à 
bonded to a proton, the mass will ! 
three times that of the proton alone an 
the charge will remain unchanged; su 
a particle is the triton (Illustration 5 
A single electron revolving around a de 
teron or triton results in an atom who 
properties are the same as those of : 
atom of hydrogen. These atoms a 
named deuterium and tritium, respe: 
tively, and are called isotopes of hydr: 
gen. The tritium isotope is unstable an 
therefore radioactive. It emits negatis 
beta particles of 19,000 electron vo! 
energy and has a half-life of 12.5 yea: 
Both deuterium and tritium are useful 
isotopic tracers in the investigation 
chemical and biochemical reactions. 


are produced on the Earth as a result of bo 
bardment by cosmic rays. These tritium ator 
are short-lived, however, as their nuclei di 
integrate easily (one neutron remains closely 
bound to a proton, but not two). 
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CADMIUM 


Cadmium (Cd) is a relatively rare metal 
he Earth's crust, and is found almost 
cjusively in association with the ores of 
er elements. It has been estimated 
if cadmium were evenly distributed 
se lithosphere, it would account for 
t 0.1 gram per ton. 
"st often, cadmium occurs in small 
tities associated with copper, lead, 
inc ores, and is obtained as a by- 
t of the treatment of these miner- 
he only cadmium mineral of any 
ercial importance is the sulfide, 
»*kite (CdS). 
history of cadmium is most closely 
with that of zinc, which the an- 
used to form alloys with copper. 
ver, the zinc was never separated 
its ores before use, so that all the 
rities, including cadmium, went into 
nished product. It was this quirk of 
y that kept the chemistry of cad- 
hidden for thousands of years. 
research into zinc included unwit- 
bservation of all the impurities in- 
| in its ores. 
517, the German chemist-mineralo- 
iedrich Strohmeyer made some ob- 
ions of zinc carbonate. In a chem- 
:ction typical of iron, the carbonate 
ced a yellow substance. However, 
igation showed that iron was not 
use, nor was zinc. In fact, Stroh- 


ON CELL—This cell, as described in the 
provides a constant electromotive force 
7183 volts at 18° C (64.4? F). 


from pigments to alloys 
to nuclear reactors 


meyer had found a new element whose 
reactions parallel in some respects those 
of iron. Since his discovery was a re- 
sult of the work with zinc carbonate, he 
named it cadmium, from the ancient 
Greek word kadmeia for calamine (zinc 
carbonate). 


EXTRACTION OF CADMIUM 


Metallic cadmium is obtained primarily 
as a by-product of the smelting of zinc, 
copper, and lead ores, and on occasion 
by treating the cadmium sulfide mineral 
greenockite. In the processing of zinc 
ores, for example, cadmium occurs as a 
dark brown oxide. This compound is iso- 
lated and heated with carbon to reduce 
it to the raw metal. The metal is further 
purified by electrolysis. 

Cadmium is a soft, bluish-white metal 
similar in many ways to zinc. Exposed 
to the atmosphere, its shiny luster be- 
comes dull, due to oxidation. 

Caution should be used when working 
with cadmium and its soluble com- 
pounds. The fumes from the heated 
metal or the compounds are toxic, and 
the present maximum allowable concen- 
tration in air has been established as 0.1 
milligram per liter. 


CHEMICAL CHARACTERISTICS 
AND COMMON COMPOUNDS 


Chemically, cadmium behaves much like 
zinc. Both, for example, exhibit a biva- 
lence. Some cadmium compounds also 
react in a manner similar to iron, which 
can mask the presence of cadmium. 

Cadmium sulfide is a brightly colored 
compound that, among others, forms the 
basis for the orange-yellow pigment 
called cadmium yellow. Heated at stan- 
dard atmospheric pressure, the salt will 
decompose. However, if heated to 
1,700? C (3,092? F) at a pressure of 100 
atmospheres, the sulfide melts without 
decomposition. Careful cooling of the 
molten material allows the formation of 
large crystals having an index of refrac- 
tion higher than that of diamond, al- 
though their clarity is impaired when 
thicknesses are excessive. 


wW 


CADMIUM PLATING—To protect these springs 
from corrosion, the raw metal in the top illus- 
tration is electroplated with cadmium. 


Cadmium sulfide crystals are semicon- 
ductors, and are able to rectify electric 
current—properties similar to those of 
germanium and selenium. These proper- 
ties are exploited by the electronics in- 
dustry. 

Cadmium sulfate, CdSO,, is another 
important compound, finding use in oph- 
thalmology as a treatment for certain 
eye diseases. In electronics, this com- 
pound is used to make Weston cells, 
which are used as a standard of electro- 
motive force. Such a cell can be repre- 
sented in the following way: 


Cd(Hg) | CdSO, - % H20, Hg;SO, | Hg. 


amalgam saturated saturated 
solution solution 


The cell is able to supply a constant, 
standard voltage that does not vary from 
an electromotive force of 1.0183 volts at 
18°C (64.4? F). Such cells are not used 
primarily as a power source, but to test 
the accuracy of other equipment in the 
laboratory, or where precise electronic 
measurements are paramount, as in phys- 
ics. 

When compounded with selenium, cad- 
mium forms the intense red pigment cad- 
mium selenide. This, mixed with cad- 
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mium sulfide, produces a broad range of 
color, from vibrant yellow through or- 
ange to a deep red. 

A combination of cadmium and nickel 
is used to produce a type of dry battery 
having two distinct advantages over the 
common lead type. First, such batteries 
require no solution for operation, and 
second, they need not be disconnected 
when they run down, (Lead batteries 
must be disconnected to prevent damage 
to themselves and to the equipment they 
power.) One drawback to more wide- 
spread use of nickel-cadmium batteries 
is their cost. This factor usually restricts 
their use to expensive equipment, as in 
sophisticated photographic and scientific 
apparatus, 

Although metallic cadmium, either al- 
loyed or in the pure form, is used in a 
number of ways, the metal's greatest use 
is in plating. Iron is protected from cor- 
rosion by the electrolytic deposition of a 
thin layer of cadmium on its surface. Es- 
sential to the process is a rigorous de- 
greasing and cleaning of the base metal 


(iron). If this is omitted or poorly done, 
parts of the iron will not accept the cad- 
mium and will remain exposed to corro- 
sion. The layer of cadmium need be no 
thicker than a fraction of a millimeter to 
afford protection. With time, the cad- 
minum itself becomes covered with a 
brown oxide, but this in no way affects 
its protective qualities. 

For economic reasons, only delicate 
parts made of iron are cadmium-plated. 
Similar protection is afforded by galva- 
nizing, or zinc plating, of noncritical parts 
at considerably less cost. 

Low melting and antifriction alloys 
contain a large quantity of cadmium. 
Two such alloys with very low melting 
points are Lipowitz's metal and Wood's 
metal, both of which have a melting 
point of 70°C (158? F). Their composi- 
tions are: 


cad- bis- 

mium muth lead tin 
Lipowitz’s 
metal 10.0% 50.0% 26.7% 13.3% 
Wood's 
metal 12.5% 50.0% 25.0% 12.5% 


CADMIUM AND NUCLEAR TECHNOLOGY— 
The rectangular bars are made of cadmium 
plate encased in a strong aluminum jacket. 
They can be positioned so that the technicians 
are able to control the neutron flow within the 


reactor. Because cadmium can absorb great 
quantities of neutrons, the reaction can be kept 
going at a constant rate, or stopped com- 
pletely. 


Because they melt at such a low tempera- 
ture, these alloys can be used for solder- 
ing delicate instrument parts. It is inter 
esting to note that the melting points o! 
such alloys are considerably lower tha: 
those of the constituent metals. 

The so-called antifriction alloys th 
cadmium forms with other materials a 
used to make bearings whose coefficic 
of friction is quite low. One common a 
plication for such materials is in t! 
automobile engine. Antifriction bearir 
provide the surface on which the sh 
rotates. Should normal lubrication | 
come insufficient, these bearings can p: 
vent damage to the shaft from abrasic 

Because these alloys are soft (in co: 
parison to steel), they can be subject: 
to relatively dirty conditions while co 
tinuing to function. Within an autom 
tive engine, for example, any impuriti 
resulting from combustion that find the 
way from the cylinders to the drive sha 
can be absorbed by the bearings. If suc 
impurities were not absorbed, scoring « 
the shaft would result in considerab 
damage to the engine. 


CADMIUM AND NUCLEAR 
REACTORS 


One of the principles on which a nuclee 
reactor is based is the unimpeded diff: 
sion of neutrons within the reactor. ! 
order to maintain a nuclear reaction, the: 
neutrons are absorbed by the nucle 
fuel (uranium or plutonium, for exar 
ple). Certain materials, however, w 

absorb neutrons without maintaining tl 
reaction, and one of cadmium’s isotop 

is such a material. The proper balan: 
of neutrons, nuclear fuel, and neutrc 
dampers is, therefore, necessary to pri 
vent a controlled nuclear reaction fro: 
becoming an uncontrolled nuclear re 
action-an atomic bomb. 

Cadmium-113, the isotope used as a 
damper, can absorb tremendous quanti- 
ties of slow neutrons at a very rapid 
rate. Although other elements have simi- 
lar neutron-absorbing capabilities, cad- 
mium remains the preferred choice, with 
an absorbing power ten thousand times 
more efficient than aluminum. Cadmium 
was first used in nuclear technology by 
the Italian-American physicist Enrico 
Fermi, who constructed the first nuclear 
reactor at the University of Chicago in 
1943. 


IRON 


ilvery-white metal in its pure state, 
» (Fe) is the second most abundant of 
Earth's metals and the fourth most 
dant element. The core of the Earth 
mposed largely of metallic iron. In 
ust of the Earth, however, iron has 
d with other substances, and is sel- 
found in its pure state except in 
"rites or as minute specula in basal- 
KS. 
;lants, animals, and human beings 
e iron to live. In human beings the 
t percentage of iron is in the red 
cells, where it forms an essential 
! hemoglobin. Small quantities are 
und in the muscles and the tissues. 
chemical symbol for iron, Fe, 
ived from the Latin ferrum, mean- 
iron.” Iron has an atomic number of 
d an atomic weight of 55.85. It has 
ific gravity of 7.86. 
ı is the basic material for thousands 
nufactured goods, from small pins 
nmoth buildings. It combines read- 
th nonmetals such as sulfur and 
Enormous quantities-far more 
»y other metal—are used in alloys. 
one of the most useful and cheap- 
als—is produced by adding a small 
t of carbon to iron. 
ral precious stones, including to- 
'rquoise, and spinel, contain iron. 
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smelted from several oxidized min- 

‘ound in large quantities in the crust 

he Earth; these minerals include 

ite, magnetite, limonite, and the 
carbonate siderite. 

Hematite (Fes3O;) is an ore consisting 
of 70 percent iron and 30 percent oxygen. 
Its name derives from its blood-like color 
and the Greek word for blood. Sometimes 
hematite occurs in the rhombohedral 
form (Illustration 2a), sometimes in the 
form of thin sheets resembling the petals 
of a rose (Illustration 2b) and sometimes 
in a powder called red ocher, which is 
used as a pigment ( Illustration 2c). 

Magnetite (Fe;0,) which derived its 
name from its magnetic properties, con- 
sists of about 72 percent iron, making it 
the richest iron ore. It crystallizes in 


one of the Earth’s most useful metals 


rhombohedral and octahedral shapes ( Ill- 
ustration 3). Magnetite can also be 
formed by alteration of rocks such as oli- 
vine and biotite, which have been chemi- 
cally corroded by water and gases in so- 
lution. 

Limonite ore accounts for a consider- 
able percentage of the world production 
of iron. A sample is shown in Illustration 
4. Its chemical formula, Fe»O; * nH;O, in- 
dicates that it contains variable quantities 
of water crystallized into its mass. The 
percentage of iron in each sample of limo- 
nite depends on the number of molecules 
of water it contains. Formed by the alter- 
ation of other iron ores—chiefly siderites 
and pyrites—limonite often originates 
from deposits of solutions of ferruginous 
water (water containing dissolved iron 
minerals). The action of microorganisms 
known as iron bacteria has also resulted 
in deposits of huge quantities of limonite. 
The deposits in Alsace-Lorraine—the 
largest in Europe—are of this type. 

Siderite is a ferrous carbonate with the 
formula FeCOs. It consists of 43 percent 
iron. Its crystals are rhombohedral ( Illus- 
tration 5). When unaltered, siderite is 
white, but it turns yellowish or brown 
when oxidized. Siderite is formed by 
chemical alteration of rock or in conjunc- 
tion with various types of sedimentary 
rock. 

Goethite, an iron hydroxide with the 
formula FeO(OH), is associated with 
limonite. It is found in needle-shaped 
crystals or in layers. 

Large quantities of iron are also ex- 
tracted from pyrite (iron disulfide, FeS:), 
shown in Illustration 6. Pyrite is burned 
with an excess of air—a process called 
roasting—to make sulfur dioxide, which is 
then used to produce sulfuric acid and 
iron oxides suitable for iron extraction. 


IRON DEPOSITS 


Location of the chief iron deposits in the 
world is shown on the map in Illustration 
7. The United States is the largest pro- 
ducer of iron. While iron is found in every 
state, the most important deposits are the 
hematite ores in Michigan, Minnesota, and 
Wisconsin—particularly around Lake Su- 


GABBRO—This type of rock often contains 
iron or iron compounds. 


perior. The largest man-made hole in the 
world, located near Hibbing, Minnesota, 
is the result of an iron mine. 

Many European countries, including 
the Soviet Union, are also big producers 
of iron. Large deposits of limonite in Lor- 
raine provide France with a rich and eco- 
nomical source of iron. The chief Russian 
deposits are at Perm in the Urals, and at 
Krivoi Rog in the Ukraine. In Britain, iron 
ore deposits are found among the coal- 
fields of the Midlands and northern Eng- 
land. Sweden has extensive deposits, as 
do Germany, Spain, Luxembourg, Can- 
ada, and India. In recent years immense 
deposits have also been discovered in 
Africa, particularly in Liberia, Morocco, 
and western Algeria. 

The history of many iron ore deposits is 
one of rise and fall, with many falling into 
disuse after centuries of exploitation and 
others coming into their own after cen- 
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IRON ORES—The most important of the 
of iron, hematite (Illustration 2a) reduces 
readily to metallic iron. Hematite is foun: 
brown rhombohedral crystals. In Illustration 
hematite is shown in thin lustrous sheets 
ranged like fossilized rose petals. A comr 
form of ferric oxide, Fe;O;, red ocher (she 
in Illustration 2c) is earthy and powdery, « 
contains a high percentage of iron. 


2c 


LIMONITE—The chemical formula for limonite 
MAGNETITE—A saline magnetic ferrosoferric is Fe;O; - nH;O. It contains variable quantities 
oxide, this ore is a natural magnet. of crystallized water. 


SIDERITE—This ore is ferrous carbonate, 3 PYRITE—The formula for pyrite (iron disulfide) 
FeCO;. Its white rhombohedral crystals may is rea S ee golden yellow and 
turn yellowish or brown due to alteration. are pe. 
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ABUNDANCE OF IRON IN THE WORLD — In 
Europe, Lorraine is very rich in minette, a 
form of limonite. The Ruhr, Upper Silesia, 


turies of neglect. In the past, extraction 
techniques were such that only very pure 
ores yielded good quality metal. Thus, 
small deposits such as those in the foot- 
hills of the Alps in Lombardy were mined 
heavily since Roman times because of the 
purity of their ores. Today, these small 
deposits are almost totally ignored. On 
the other hand, despite the great size of 
the deposits in Lorraine, the phosphorus 
content of the ores made it impossible to 
mine any but the worst metal until the 
last century, when new refining tech- 
niques permitted extraction of the metal 
in blast furnaces. 

Today, because of progress in metal- 
finishing techniques, a deposit, in order to 
be profitable, must be large and lend 
itself to open-cut mining—that is, mining 
on the surface rather than underground. 


northern Spain, the Soviet Union, Sweden, and 
Britain all have important iron deposits, and 
large deposits have recently been discovered 


IRON COMPOUNDS 


Tron has oxidation numbers of +2 and +3 
in its chief compounds. It reacts with oxy- 
gen in the air to produce ferrous oxide— 
FeOcalso called iron(II) oxide, which is 
somewhat unstable and tends to turn into 
ferric oxide—Fe;O;—called iron (III) ox- 
ide. Ferric oxide can be produced by 
burning iron in an excess of air. Sulfides 
of iron include ferrous sulfide, F. eS, pro- 
duced through the interaction of hydro- 
gen sulfide—H;S—and salts of iron in the 
presence of ammonia. 

Dissolving iron in sulfuric acid pro- 
duces the pale green ferrous sulfate 
FeSO,, which on contact with air rapidly 
turns into the brown-colored ferric sul- 
fate Fe;(SO,)s. When combined with hy- 
drochloric acid—HCl-iron produces fer- 


in Africa. The United States produces the mst 
iron. 


rous chloride FeCl, which is white in the 
anhydrous (waterless) state and green n 
the tetrahydrated state. Iron combined 
with chlorine produces ferric chlorid: — 
FeCl—a blackish-red compound wi h 
green tints. When this compound rea. s 
with water, it turns a golden yellow a d 
becomes FeCl; *nH,0. 


THERAPEUTIC USE 


In the treatment of hypochromic anemias, 
iron has its most important therapeutic 
use. The iron deficiency condition im- 
pairs the formation of hemoglobin and 
may impair other functions of the red 
blood cells. Any of a large number of iron 
compounds may be used in therapy, and 
inorganic salts are equally effective for 
the purpose. 


FERROUS SULFATE—Broken spears? A color- a water solution, is shown as it appears in 
ful example of modern art? Precious stones? polarized light. (25 X) 
This piece of ferrous sulfate, crystallized from 
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COBALT AND NICKEL 


As mentioned in the articles on transition 
metals, iron, cobalt, and nickel belong to 
the first horizontal triad of Group VIII of 
the periodic table. The atoms of these met- 
als contain respectively 8, 9, and 10 outer 
electrons. The most stable oxidation state 
of cobalt and nickel is 2+, although co- 
balt is often trivalent as well in coordina- 
tion compounds such as Co(NH);Cl.. 
The metals resemble each other in chem- 
ical behavior, with similar densities and 
high melting points, though of the two 
nickel is more commonly used in indus- 
trial applications. There are two reasons 
for this; first, nickel is about four times 
more abundant than cobalt, and second 
and more important, nickel is more easily 
protected against corrosion. 

Although quite similar to cobalt and 
nickel, iron is much more widely used. 
(Iron is discussed in a separate article.) 
Cobalt and nickel are treated together 
because of their great similarity. 


COBALT ORES; EXTRACTION 
AND PROPERTIES OF 
THE METAL 


Though not widely distributed in the 
rocks of the earth's crust, cobalt is always 
found with ores of nickel (the ratio is 
1:15) and sometimes with ores of copper. 
It is commonly combined with arsenic 
and sulfur as well. This makes extraction 
easy, with cobalt being obtained as a by- 
product of the processing of arsenic and 
sulfur, which are more widely distributed 
and more abundant in nature than co- 
balt itself. 

Cobalt also occurs in siderites (me- 
teorites composed chiefly of iron) where 
its ratio with respect to nickel is a little 
higher than in the earth's crust. 

Cobalt-bearing ores include smaltite 
(CoAsz, a cobalt arsenide) and cobaltite 
(cobalt arsenic sulfide CoAsS ). Countries 
with the largest production of cobalt 
are the Republic of the Congo and Can- 
ada, where it is found associated with 
nickel. 

World production of the metal is at 
present little more than 10 thousand tons 
a year, although this figure is rising as a 
result of heavy demand from the special 
alloys industry. Cobalt is also extracted 
during the refining of copper, where it is 
an impurity. The pure metal can be ob- 
tained by electrolysis also. 

Cobalt is a silver-white, brittle metal 
that is magnetic (though less so than 
iron) and chemically resistant to air. The 
only acid capable of corroding it readily 


NiSO,—Nickel sulfate, enlarged 100 X and 
seen under red polarized light. 


is nitric acid. When treated with nitric 
acid it forms cobalt(II) nitrate. 


CHEMICAL PROPERTIES 
AND COMPOUNDS 


Cobalt behaves either as a bivalent or 
trivalent metal, combining with oxygen 
to form cobalt(II) oxide, CoO, or cobalt 
(III) oxide, Co;O; (there is a tetravalent 
form, but it is unstable and of little im- 
portance). Cobalt(II) oxide, CoO, is al- 
most insoluble whereas cobalt(III) oxide 
Co20; is almost completely soluble. Thus, 
salts of cobalt are usually prepared by 
synthesis of the elements or by the action 
of acids on the metal. Dissolving cobalt in 


STAINED GLASS WINDOW IN MILAN CA- 
THEDRAL—The various shades of blue are 
caused by small quantities of blue cobalt 
oxide that neutralize the yellow tinge given 
to the glass by iron. 


vital elements of importance 
for the aircraft industry 


hydrochloric acid, for example, produces 
the salt of cobalt(II), colbalt(IT) chlo- 
ride, CoCls, which is a rose-red color in 
the hydrated state and bright blue in the 
anhydrous state. 

The sulfate, CoSO,:*6H;0, chloride, 
CoCl,*6H50, and nitrate, Cl(NOs)2*é 
are the most common salts of bi 
cobalt. These salts are all soluble in water, 
Cobalt(II) sulfide, CoS, on the ‘her 


hand, is insoluble. Salts of trivale:: co- 
balt are more difficult to produce "he 
sulfate, Cos(SO,)5* 18H40, which »b- 
tained by anodic oxidation of ric 
acid solutions of bivalent cobalt : is 
unstable. Complexes of trivalent ut, 
on the other hand, are very stab 

The chief cobalt(II) compou: are 
the chloride, sulfate, nitrate, cyanic and 


ammoniate, while the chief cob 


compounds are the hydroxide, fu: ride, 
nitrate, and various types of mixe: sul- 
fates of cobalt and other elements. : om- 
plex ions of cobalt(III) are also quite 
important. 

SUPERHARD ALLOYS, 

CERAMICS, PIGMENTS 

Cobalt is put to many uses, both =: the 
manufacture of special alloys ay sa 
pigment. Some of the alloys are of «cial 
importance. 

Widia is an alloy consisting of “° per- 
cent tungsten carbide W;C and | rest 
cobalt. Used to make metal-cuttin ‘vols, 
it is extremely hard (its name mean: like 
diamond"), can cut glass, and can |» used 
at high temperatures without los:ug its 
edge. It is resistant to oxidation 

Stellite is an alloy of cobalt, chro nium, 
and tungsten. Also very hard, though less 
so than widia, it is used for too!s, for 


cutting and working metals, for dies, 
presses, shears, and also, because of its 
corrosion resistance, for chemical appara- 
tus. Another application is in the field of 
optics, where it is used to make special 
mirror surfaces. These mirrors are used 
in apparatus where radiation from radio- 
active elements is high. 

Gas and steam turbine blades are also 
made from a variety of high-cobalt al- 
loys. The cobalt gives the blades hard- 
ness as well as resistance to heat and 
corrosion. 

Many cobalt salts are blue in color, 
and when added to pottery or glass, pro- 
duce a characteristic bright blue color 
known as Sévres blue, Thenard’s blue, or 
simply cobalt blue. 

Cobalt(II) chloride, CoCl,, is blue in 


color when anhydrous and pink when 
hydrated. It is sometimes used in solu- 
tion as invisible ink. When the solution 
dries, the hydrated salt deposited on the 
is almost colorless and hence in- 
*. When the paper is heated, how- 
, the salt loses its water of hydration 
urns bright blue. 

balt has only one stable isotope, 


Co, When bombarded with slow neu- 
tr in a nuclear reactor, it captures a 
né n and emits a gamma ray, turning 
inte “Co, This radioactive isotope is used 
in ro iotherapy. 

J ed by the Swedish chemist Georg 
Br in 1735, cobalt owes its name to 
Kc a gnome of German folklore 
tho to inhabit underground places. 


NK L ORES, EXTRACTION, 
AND PROPERTIES 


Nic vas isolated by the Swedish chem- 
ist F. Cronstedt in 1751 and prob- 
ably s its name from the Swedish word 
kop ickel, itself a translation of the 
Ger. kupfernickel or “copper demon.” 
Nic res occur in a number of rocks. 
Ec ic extraction, however, is re- 
stri to a few localities, despite the 
con able value of the metal. The chief 
sour of nickel is the Sudbury deposits 
in ( ida, which account for over half 
the ld production. Other deposits of 
som nportance are in New Caledonia, 
Lay l, and Cuba. 

à | ores include millerite (nickel 
sulf niccolite (nickel arsenide), gers- 
dor (nickel sulfarsenide), garnierite 
(hyc.sted nickel magnesium silicate), 
and pentlandite (nickel iron sulfide). 

Extraction processes differ in terms of 
the used. The usual procedure is to 
produce a nickel sulfide (nickel has a 
strong affinity for sulfur), which is then 


NICKEL-TREATED GRAY GLASS—The char- 


acteristic gray color of this goblet is caused 


COBALT ACETATE—These beautifully colored 
shavings are microcrystals of one of the com- 
pounds of cobalt. They are enlarged 100 X 
and seen under red polarized light. 


heated in the presence of air (roasting) 
to produce nickel oxide. The oxide is then 
reduced to the metal with carbon. 

Metallic nickel is a pure white in color, 
with no yellowish or bluish tinges. It is 
strong, ductile, malleable, reasonably con- 
ductive (its conductivity is about one 
seventh of that of copper), resistant to 
oxidation when cold, and resistant to all 
acids except concentrated nitric acid. 
When finely powdered, it absorbs large 
quantities of hydrogen, and is thus used 
as a catalyst in hydrogenation reactions 
and in fat-hardening processes. 


NICKEL COMPOUNDS AND USES 


Nickel usually behaves as a bivalent ele- 
ment. The univalent, trivalent, or tetra- 
valent states are rare. Nickel compounds, 
which have no important applications, in- 
clude nickel oxide NiO; the gelatinous 
light green nickel hydroxide Ni(OH)s; 
nickel carbonate NiCO; and nickel sul- 
fide NiS (both insoluble salts; NiS is pro- 
duced by treating solutions of salts of 
nickel with hydrogen sulfide in the pres- 
ence of an alkali); nickel sulfate NiSO,- 
6H.O, nickel chloride NiCl;*6H;O, and 


by the addition of nickel (II) oxide for scientific 
or decorative reasons. 


nickel nitrate Ni( NO; )2*6H2O (all green 
in color and soluble). 

Nickel oxide is used to impart a gray 
color to glass for scientific and decorative 
purposes. Nickel itself is most commonly 
used in the elementary state or in alloys. 
One use of nickel in the elementary state 
is nickel-plating, in which a layer of nickel 
is deposited on the surface of other metals 
to protect them from corrosion. The 
metals most frequently plated are iron, 
copper, and copper alloys. Nickel-plating 
is done by electrolysis and has certain 
advantages over chromium-plating, par- 
ticularly when the nickel is applied in 
thick layers, Its bond is not weakened 
even when the metal underneath buckles, 
whereas chromium, being brittle, may 
split and expose the metal to oxidation. 


COBALT THERAPY—Used to treat cancer, the 
radiation from cobalt-60 burns out cancerous 
cells and prevents their growth. 


Although chromium-plating is cheaper, 
nickel-plating remains a better form of 
protection for high-quality work. 

Nickel is also used, together with chro- 
mium and iron, to make the alloy known 
as stainless steel, whose high resistance 
to corrosion by many agents, whether hot 
or cold, makes it highly suitable for struc- 
tural work. Alloyed with copper and 
copper-zinc alloys, nickel is also used to 
make coins, kitchen utensils, and parts of 
heat engines that are vulnerable to cor- 
rosion. Alloyed with copper, chromium, 
and molybdenum, it is used to make elec- 
trical resistors and corrosion-proof ap- 
paratus. Many types of alloy steel con- 
tain nickel as an ingredient. 

The chief alloys of nickel include con- 
stantan (60 percent copper and 40 per- 
cent nickel); invar, an iron alloy with 35 
percent nickel; and alnico, named for its 
chief constituents—aluminum, nickel, and 
cobalt. 
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PHOSPHORUS 


Phosphorus (P) is one of the most wide- 
spread of the elements, accounting for 
0.1 percent of the Earth's crust. Although 
this element is never found in the native 
state, it is present in combined forms in 
about 250 different minerals. The most 
important of these is apatite, a phosphate- 
containing mineral found in a variety of 
forms. In fact, most apatites are isomor- 
phous mixtures containing primary cal- 
cium phosphate in association with cal- 
cium fluoride, chloride, and hydroxide. 
Because of their similar electron charges 
and atomic diameters, these three ions 


APATITE—Industrially the most important of 
the phosphorus ores, apatite’s crystals are 
nearly always perfectly prismatic and hexag- 
onal. 


1 2 


and fertile soil 


are able to alternate or replace one an- 
other in the same crystal lattice without 
appreciably changing it. 

Apatite crystals are formed during the 
solidification of volcanic magmas, and 
because of their insolubility remain es- 
sentially unaltered by subsequent erosion 
and weathering. However, the rock in 
which they are formed is changed by nat- 
ural forces into sedimentary rock and 
finally into sand. Thus, the crystals find 
their way into the soil where they are es- 
sential to healthy plant growth. Where 
nature falls short, man intervenes by add- 


PYROMORPHITE—This beautiful earthy-green 
mineral forms colorful prisms, and has the 
formula PbsCl(PO,)s. It is frequently found in 
lead mines. 


soft water, strong bones, 


ing phosphate fertilizers derived from 
rich apatite deposits or other natural 
sources. 


PHOSPHORUS, ANIMALS, 


AND MAN 

Not only is phosphorus essential to v... r- 
ous plant growth—it is also a prereqi te 
for healthy animal life. Fortunately ne 
biological cycle supplies most oí he 


phosphorus required by man. 
Phosphorus is found in cell protop!. m, 


in bone and nerve tissue, and in m ny 
animal and vegetable proteins. Ex pt 
for its organic components, bone ti ue 
consists of phosphate compounds noi at 


all dissimilar to natural apatites, while 
tooth enamel has a chemical composition 
much like fluorapatite. 

Although phosphorus is an essential in- 
gredient in the diets of man and the lower 
animals, not all of this element is used 
by the organism. Thus, much of what is 
ingested is eliminated, explaining why 
animal wastes are rich sources of phos- 
phorus, and indeed are used to replenish 
the soil as fertilizers. 

Pharmacologically, a distinction exists 


between phosphorus compounds contain- 
xygen and those without oxygen. 
both types can be highly toxic. 
ver, one of the nonoxygenated com- 
pe s, phosphine, deserves special men- 
tic osphine, PHs, is a highly lethal 
g at can cause death in concentra- 
low as 0.01 percent in air. This 
ice reacts with arterial blood to 
the hemoglobin, the phosphine 
I xidized to phosphoric acid. The 
t | effect is to destroy the oxygen- 
€ ability of the blood and to cre- 
ere acid-base imbalance. Fortu- 
n »hosphine can be detected by its 
i nauseating odor, similar to that 
o ing fish. 
the oxides of phosphorus are 
t bstances, and are formed by di- 
re thesis. In fact, elemental yellow 
( te) phosphorus burns spontane- 


Phate under polarized light. 


HIDDEN BEAUTY—Illustration 3a shows crys- 
tals of normally white dibasic sodium phos- 
The brilliant 


ously on contact with air, evolving clouds 
of white, poisonous gas. White phos- 
phorus is used in warfare in the produc- 
tion of incendiary bombs and for the 
generation of smoke screens. 

Certain oxygenated derivatives, on the 
other hand, are vital to human life. One 
of the most important of these is, strangely 
enough, phosphoric acid (although in 
amounts considerably less than encoun- 
tered through phosphine poisoning). 
Phosphoric acid forms in the process of 
digestion, and plays a fundamental role 
in the metabolism of sugars. This process, 
called phosphorylation, is the first step in 
breaking down monosaccharides. This 
reaction is exothermic, thus providing the 
body with both heat and energy. Despite 
this life-sustaining function, most phos- 
phorus derivatives are incorporated into 
bone, muscle, and nerve tissue. 


“gems” in Illustration 3b are really a common 
salt, potassium phosphate. In polarized light, 
this white compound becomes jewel-like. 


DEPOSITS OF 
PHOSPHORUS ORES 


Phosphorus ores are found in the south- 
eastern United States, Canada, Spain, the 
Soviet Union, and all the countries of 
North Africa. Many islands in the Pacific 
Ocean are almost totally covered with 
thick deposits of guano, the natural 
wastes of seabirds. Guano is particularly 
rich in phosphates, and although the 
world supply of this biological material 
is dwindling because of demand, it is 
still widely used as fertilizer. 


THE PROPERTIES 
OF PHOSPHORUS 


Phosphorus was first isolated by the Ger- 
man chemist Hennig Brand in 1669, He 
obtained a small quantity of the element 
following evaporation of urine and heat- 
ing of the residue with sand and charcoal 
in the absence of air. Since phosphorus 
glows faintly when exposed to the air at 
low temperatures—a property called 
phosphorescence—the name of the ele- 
ment was derived from the Greek term 
for “light-bearing.” Brand did not dis- 
close his method of producing phos- 
phorus, but he sold the secret to Johann 
Krafft of Dresden. The chemist Johann 
Kunckel sought to learn the method from 
Brand but learned only that urine was 
used as the source of the phosphorus. 
Eventually he was able to duplicate 


WHITE PHOSPHORUS — In the pure state, 
phosphorus is almost colorless. Because it 
ignites spontaneously in air, it is stored under- 
water. 
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RED PHOSPHORUS—The most stable of the 


three phosphorus allotropes, red phosphorus 


Brand’s accomplishment, and Kunckel, 
too, attempted to keep the process a 
secret. In the decades that followed, 
methods were developed—and, in some 
instances, published—for preparing phos- 
phorus from various animal and vegeta- 
ble materials. It was more than a century, 
though, before the Swedish chemist Carl 
Scheele published the simpler method of 
preparing the element from bones, which 
were to become the main raw material to 
be used as a source of phosphorus. Today, 
phosphorus is obtained in commercial 
quantities by heating phosphate rock with 
sand and carbon in an electric furnace: 


Cas( PO, ); + 35102 + 5C 
> 3CaSiO; + 5CO + J4P,. 


Depending on atomic and molecular 
arrangement, phosphorus occurs in three 
allotropic forms: white (or yellow), red, 
and black (or violet). At ordinary tem- 
peratures, white phosphorus is a soft, 
translucent substance that reacts with air 
to form the pentoxide, At decreased tem- 
peratures, this form becomes quite brit- 
tle. White phosphorus boils at 280°C 
(536° F), and at a point between 500° 
and 800° C (932° and 1,472° F), the va- 
por is composed entirely of tetratomic 
P, molecules. Continued heating to highly 
elevated temperatures causes these mole- 
cules to collide violently, splitting them 
into diatomic P» molecules and perhaps 
even to monatomic P atoms. 


is a product of the transformation of white 
phosphorus. 


Although it is the most common form 
of the element, white phosphorus is the 
least stable of the allotropes, igniting 
spontaneously in air at room temperature 
and reacting explosively with the halo- 


gens. In alkaline solutions, it forms t} 
phosphite ion (PO2)*~ and phosphi: 


The most stable form of phosphor 
the red allotrope. It is formed from 
white variety under pressure and 
tained heat. In the process, a cons 
able amount of heat is liberated d 
the creation of polymeric mole 
Though less toxic and reactive tha 
white form, red phosphorus can b 
converted to the white state. 

Black phosphorus is the third all: 
of the element, and can be made by 
ing white phosphorus under high 
sure. Sometimes called violet phosp! 
black phosphorus is the most dense « 
three types. 

Chemically, phosphorus is a me 
of the Group VA family of element 
group's most ubiquitous member, in 
The atoms of phosphorus are char 
ized by having five electrons in the 
shell, giving rise to valences from 
+5. Typically, however, only thosc 
tion states of —3, +3, and +5 are er 
tered, as in PHa, PCls, and P205, 
tively. 

Phosphorus—in particular the 


THE THREE FORMS OF PHOSPHORUS—The 
model in Illustration 6a represents a molecule 
of white phosphorus, with its four atoms ar- 
ranged in a tetrahedron. The black modifica- 


6a 


tion in Illustration 6b is also arranged 
drally, but probably forms a polymeric 
Red phosphorus (illustration 6c) is 
polymer. 

6b 


shows a strong affinity for almost 
lements. With oxygen, for example, 
s at least four oxides. The element 
ın energetic reducing agent. 


PH HORUS COMPOUNDS 


pt rus forms many compounds with 
ox not only in single combination, 
bu ssociation with oxygen and other 
] The phosphorus oxides all have 
th acter of acid anhydrides, and the 
ac y form with water have varying 
d f strength. Of the oxides, the 
mc portant are the trivalent POs 
(pl orous anhydride) and the penta- 
va Os (phosphoric anhydride). An- 
oth ide, phosphorus tetroxide ( P204), 
is « sed of an atom each of +3 and 


+5 phosphorus. Together, the phosphoric 
and phosphorous ions form a total of 9 
acids, some quite strong. 

Phosphorus pentoxide reacts vigorously 
with water, and is one of chemistry’s 
most energetic dehydrators. From its 
acids are derived the invaluable soluble 
phosphate fertilizers. In addition to their 
value as fertilizers, certain +5 phosphorus 
compounds are efficient and relatively 
inexpensive water softeners. Of these, 
sodium hexametaphosphate is used to 
prevent scale formation in boilers and 
hot water pipes. This is accomplished by 
the ion's ability to capture calcium in 
hard water, keeping it in solution and 
preventing the precipitation of calcium 
carbonate scale. 

Because of their water-softening prop- 


AF jT OF PHOSPHORUS—Red phospho-  applications—ordinary matches. The highly 


rus wn here in one of its most common 


poisonous and unpredictable white phospho- 


erties, phosphates have long been used 
in detergents. Recently, however, contro- 
versy about these compounds and their 
contribution to water pollution has led 
to research into and production of other 
materials having less damaging ecolog- 
ical effects. 

Halogenated phosphorus compounds 
form a large group, the most important 
of which are the chlorides. Phosphorus 
and chlorine combine directly—and vio- 
lently—to form phosphorus trichloride. 
This is the starting point for a host of chlo- 
rinated compounds. Of these, the penta- 
chloride is of special importance in or- 
ganic synthesis, where it replaces OH 
radicals in many compounds with Cl- 
ions, making it a very effective chlori- 
nator. 


rus was once used in this manner, but it is no 
longer. 
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VANADIUM 


Vanadium (V) belongs to Group VB of 
the periodic system, along with niobium 
and tantalum, Its normal oxidation state 
is +5, but it can also take lower oxida- 
tion states, as with niobium and tanta- 
lum. However, this tendency decreases 
as atomic weight increases, so that al- 
though it is true that vanadium may 
easily take all the valencies from +2 to 
+5, niobium and tantalum are immedi- 
ately oxidized by water in the lower 
states. These last two elements are me- 
tallic in nature and crystallize with a 
body-centered cubic structure. 

Metals of Group VB are sometimes 
harder and more brittle than is desirable 
because they contain very small quanti- 
ties of hydrides, nitrides, and carbides, 
which alter the properties of the metal 
itself. The approximate chemical for- 
mula of hydride, nitride, and carbide of 
vanadium is VH, VN, and VC, respec- 
tively. The formulas are approximate 
because these compounds are of the in- 
terstitial type; that is, hydrogen, nitro- 
gen, and carbon occupy some of the 
interstices left free in the metal's crystal 
lattice, 

The specific gravity of vanadium, nio- 
bium, and tantalum increases with in- 
creasing atomic weight. This is explained 
by the fact that the increase in weight 
means an increase in the protons in the 
nucleus and, consequently, in the elec- 
trons as well. This increase in the posi- 
tive charge of the nucleus makes it more 
capable of attracting electrons toward 
the nucleus, Consequently, the atom is 
more compact and the density of the 
solid is greater. The density increases 
from 5.96 g/cm? for vanadium to 855 
g/cm for niobium and to 16.6 g/ cm? for 
tantalum. 

Melting points increase with increas- 
ing atomic number and range from 
1,890? C to 2,468°C, and 2996*C 
(3,434? F, 4774? F, and 5,424^ F) for 
vanadium, niobium, and tantalum, re- 
spectively. The melting point of tan. 
talum makes it the second most refrac- 
tory of all the elements (tungsten is the 
first). The boiling point also increases 
with increasing atomic number, that 
is, Z. 


| the soft metal that hardens steel 
1 


VANADINITE, 3Pb;(VO,); + PbCl,—Lead vana- 
date and chloride is the most important va- 
nadium mineral. It appears in the form of 
brown crystals with a prismatic habit. 


VANADIUM, A RELATIVELY lithosphere, which contains about 150 g 
ABUNDANT METAL per metric ton of rock. It is much less 

abundant, however, than iron and alumi- 
Vanadium is relatively abundant in the num (50 and 80 kg per metric ton). On 


the other hand, it is 6 and 70 times more 

abundant, respectively, than the homolo- 

gous elements niobium and tantalum. 
The minerals of vanadium are numer- 


ous. They are contained in almost all 
eruptive rocks and many of them are 
found in sedimentary rocks as well. The 
major minerals are: carnotite—potassium 
uranyl vanadate; descloizite—hydroxy- 
vanadate of lead, tin, and copper; mot- 
tramite, with a chemical composition al- 
most identical with descloizite, but with 
a slightly different structure; vanadinite— 
lead vanadate and chloride 3Pbs(VOx,)2* 
PbCl;; volborthite—hydrous vanadate of 
copper; and patronite—vanadium sulfide, 
VS,. 

Many hydrated vanadates are also 
known, in particular uranyl vanadate. 
They are used in the extraction of ura- 
nium, and vanadium itself is obtained as 
a by-product—especially from the use of 
carnotite. 

Vanadinite and patronite are impor- 
tant vanadium minerals. Vanadinite is 
found in Arizona and patronite in Peru. 
Vanadium is also found in the animal 
and plant world. Although its location 
within organisms is still not known with 
any accuracy, it has been found in the 
ashes of certain plants and the body 
fluids of certain holothurian marine ani- 
mals. Appreciable quantities of vana- 
dium are also found in the form of or- 
ganic complexes in certain petroleums, 
especially those of Venezuela. Vanadium 
becomes concentrated in the residues re- 
sulting from distillation, and further con- 
centrated in the ashes of these residues 
when they are burned. For those who 
subscribe to the theory that petroleum 
has a biological origin, it may be said 
that the vanadium contained in "black 
gold" came from the structures of the 
living beings that gave rise to it. 


THE DISCOVERY OF VANADIUM 


At the beginning of the last century 
chemists did not know how to separate 
from steel those elements present in iron 
minerals in small quantities—elements 
that then reappear in the metal produced 
in the blast furnace. Because the iron 
minerals found in Sweden are especially 
rich in these elements, the steels pro- 
duced there often had peculiar proper- 


ties, some of which were desirable and 
some of which were not. 

In 1830, the Swedish chemist Nils 
Gabriel Sefstróm, who was working in 
the laboratory of J. J. Berzelius in Stock- 
holm, analyzed the toughness properties 
of a certain steel. Despite the fact that it 
was extremely resistant—as resistant as 
the ordinary brittle steels—the steel was 
as malleable as ordinary iron. This prop- 
erty evidently came from an element that 
Sefstrém decided to isolate. Although he 
was not successful, he was able to show 
that this still unknown element existed 
and he gave it the name of a Scandina- 
2 
TETRAVANADATE AND PERVANADATE — 
Sodium tetravanadate has a yellowish color. 
An acid solution of it to which hydrogen 
peroxide is added rapidly becomes reddish- 
brown. A pervanadate has been formed in 


which the vanadium has changed its oxida- 
tion state and is more oxidized. 
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vian goddess, Vanadis. A quarter of a 
century earlier, Andres Manuel del Rio 
reported the discovery of a new element 
in vanadinite from Zimapán, Mexico. He 
named it erythronium (from the Greek 
word for “to redden") because of the red 
color acquired by its salts upon heating. 
A few years later he concluded that he 
was mistaken and that the brown ore 
from Zimapán was merely a basic lead 
chromate. Before Sefstróm's discovery, 
the German chemist Friedrich Wöhler 
had undertaken an examination of the 
vanadinite ore from Zimapán, and he 


VANADIUM SALTS—The vanadyl sulfate tetra- 
hydrate VO * SO, + 4H;O is intensely blue. Va- 
nadium sulfate, VSO,, on the other hand, is 
yellow. 


3 


found in 1830 that the new element Del 
Rio had abandoned was identical to Sef- 
strém’s vanadium. Because of illness, 
Wöhler failed to report his findings and 
thus did not receive credit for discovering 
this new element. In 1831 Berzelius pre- 
pared a number of vanadium compounds 
and concluded that the element belonged 
in the same family as chromium and 
molybdenum. The English chemist Henry 
E. Roscoe showed, between 1867 and 
1870, that Berzelius was wrong in his con- 
clusion because the substance that Ber- 
zelius had assumed to be the free metal 
was really the oxide, VO, and that, there- 
fore, most of the compounds studied by 
Berzelius had contained oxygen. Roscoe 
was the first (1869) to obtain the pure 
metal (95.8 percent) by reduction of 
vanadous chloride, VCl2, with hydrogen. 
Metallic vanadium has been hard to iso- 
late in a highly pure state because of the 
great stability of its lowest oxide, its ni- 
tride, and its carbide. Eventually, metal- 
lic vanadium 99.7 percent pure was ob- 
tained by heating a mixture of vanadium 
pentoxide, calcium metal, and calcium 
chloride for one hour at 900 to 950°C 
(1,652 to 1,7429? F). Pure vanadium was 
being produced in limited quantities by 
the mid-twentieth century. 


THE PRODUCTION 
OF THE METAL 


The United States is the world's largest 
producer of vanadium, and uses it in 
the manufacture of steels with special 
properties. Vanadium is obtained in its 
metallic state by the process of reduction 
—the variation of the element's oxidation 
state by the acquisition of electrons. This 
involves transforming the vanadium pres- 
ent in the original mineral (such as bitu- 
men ash) into a chloride or oxide of 
vanadium, and thence into the metal it- 
self. 

This is done in various ways. One 
way is to pass a high-temperature current 
of hydrogen gas over vanadium chlorides 
or oxides. Metallic caleium may also be 
used to remove the oxygen from vana- 
dium oxide. Hydrogen and calcium have 
such an affinity for oxygen that they re- 
move it from the vanadium oxide, This 
process is also used for reducing uranium 
from the metal oxide. The reaction in the 
case of calcium is as follows: 


4 

IRON-VANADIUM ALLOY—Adding va um 
or ferrovanadium to steel makes it harc nd 
more resistant to corrosion, eliminat: the 


gases that may be trapped in it. 


V30; + 5Ca > 2V + 5CaO 

Pure vanadium is rather soft—:: are 
most metals in their pure state. —na- 
dium, lead, and tin are about © ally 
hard. When added to steel, howe’ va- 
nadium increases the hardness the 
alloy. An extremely small amc is 
enough to do this—only a fev Ju- 
sandths (by weight) of the resi ting 
alloy. 

The fact that a soft metal ad: | to 
another metal makes it harder : be 
surprising—but it is a common phenome- 
non. Tin, for example, which i. soft, 
makes copper hard in alloys led 
bronzes. (The type of bronze varie: ac- 
cording to the percentage of its constitu- 


ents.) To understand the phenomenon, 
the way in which the vanadium atoms 
are arranged among the iron atoms in the 
crystal lattice of the alloy must be under- 
stood. However, it is sufficient to know 
that each time vanadium atoms are intro- 
duced into the crystal lattice of another 
metal, they modify the forces in the lat- 
tice that act on the atoms and bind them 
together. This phenomenon becomes 
translated into a variation in the physical 
properties of the metal—its hardness, mal- 
leability, and so forth. Vanadium added 
to iron increases its toughness and hard- 
ness. 

The vanadium to be introduced into an 
alloy with iron is usually prepared from 
the oxide by using the process known as 
aluminothermy. This process consists of 


reducing the vanadium oxide by means 
of aluminum, which is extremely oxygen- 


hungry, and which is mixed with the iron 
oxide. The aluminum reduces both the 
vanadium oxide and the iron oxide. The 
resul an iron alloy that is rich in vana- 
diu bout 30 percent). This is intro- 
du: to the iron to form alloys with 
a lo ercentage content (0.2 percent). 
In s anadium also has the function 
of ating occluded gases in the 
me s. These gases are detrimental 
to operties of the metal. 
CH \L PROPERTIES 
AN MPOUNDS 
In : 1 to the +5 valence with which 
it i | to oxygen in vanadium pent- 
oxid Os, vanadium also has valences 
of and +2. 

V um pentoxide has various appli- 


cations. It is an energetic catalyzer of the 
reaction in which sulfur dioxide is oxi- 
dized to sulfur trioxide in the manufac- 
ture of sulfuric acid. It also catalyzes 
many other oxidation reactions and is, 
therefore, used extensively in the chem- 
ical industry, which is the second largest 
consumer of vanadium pentoxide. (The 
special steels industry is the largest con- 
sumer. ) 

Many compounds deriving from vana- 
dium pentoxide are known, such as the 
various acids and corresponding salts. 
The alkaline vanadates, such as Na3VO, * 
H20, give rise to solutions containing 
thiovanadates (MeVS,) when reacted 
with hydrogen sulfide, H;S. They are in- 
tensely colored, and the colors range from 
a cherry red to a violet red. The most im- 
portant thiovanadate is (NH,4)3VS,. 

The salts of the simple vanadic acids 
are colorless. Those of the more complex 


vanadic acids, on the other hand, are 
yellow or orange. All the vanadium com- 
pounds in which the element has a 
valence of less than 5 are colored: vana- 
dium dioxide, VO», is dark blue; van- 
adyl chloride, VOCI, is dark green; 
the trivalent ion of vanadium has a green- 
ish color in solution; the hydroxide, 
V(OH)s, is green; the alum of ce- 
sium and vanadium, Cs;SO, : V2(SO,)s* 
24H50, is bluish purple; the sulfide, 
V2S3, is dark gray; the hydroxide, 
V(OH);, is dark brown; and the sulfate, 
VSO,* 7H5O, is reddish purple. 

In vanadium sulfate, VSO,*7H2O, the 
electrons of the molecule absorb green 
light. White light passing through it, 
therefore, has the green removed and 
only the complementary color—the color 
obtained by adding those remaining in 
the spectrum—is left. This color is red- 
dish purple. 


This specimen shows the characteristic shininess of vanadium. At its purest, vanadium is almost as soft as lead. 
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ALUMINUM 


Aluminum (Al) belongs to Group IIIA 
of the periodic table of the elements, along 
with boron, gallium, indium, and thal- 
lium. In its compounds, aluminum oc- 
curs exclusively in the oxidation state of 
+3. Aluminum is a silvery-white metal 
easily corroded by nonoxidizing acids, re- 
sulting in hydrogen (since it is an elec- 
tropositive metal), and by alkalis. In re- 
action with alkalis, aluminum forms 
various hydroxylaluminates according to 
the following reaction: 
Al+ NaOH + 2H90 


> NaAl(OH), + 3H». 


Oxidizing acids, such as nitric acid, cor- 
rode aluminum only superficially be- 
cause a film of aluminum oxide, Al;O;, 
forms on the surface of the metal, pro- 
tecting it from further corrosion. This 
1 


the corrosion-proof 
competitor of iron 


phenomenon is called passivation. 
Aluminum takes third place in the list 
of the most widely distributed elements 
in the Earth's crust; it is exceeded only 
by oxygen and silicon, and is the most 
abundant of the metals (8.3 percent). 
Although the extraction of aluminum is 
not always economically feasible, it is 
found in a great variety of rocks and the 
world supply is virtually inexhaustible. 
The history of aluminum begins in 
1825, when Hans Christian Oersted, the 
Danish physicist, first succeeded in ob- 
taining the metal in its elementary state, 
although full of impurities. Two years 
later the German chemist Friedrich 
Wöhler obtained a much purer product. 
These events went almost unnoticed ex- 
cept for the recognition that a new ele- 
ment had been isolated and that it was 


RUBIES AND SAPPHIRES—The best-known 


and highest-valued compounds of aluminum 
are rubies and sapphires. Rubles are a beauti- 
ful red color and flawless specimens may be 
worth even more than diamonds. Two mag- 
nificent Orlental rubies are shown on the left. 
Below are three variously tinted sapphires: the 
two deep-blue sapphires were mined in Burma, 
and the lighter one in the center comes from 
Ceylon. The characteristic. coloring (which 
gives the stones their value) is due to traces 
of other metals or faults in the crystal lattice. 


SYNTHETIC RUBIES AND SAPPHIRES—Like 
diamonds, rubies and sapphires can be syn- 
thesized in crystals for use in jewelry and in- 
dustry. Pure specimens of synthetic ruby are 
used to make pulse laser rods and precision 
instruments. Transparent sapphires (left, also 
called pure corundum) are used to make 
windows for infrared optical equipment. 


quite expensive. At such a price, alumi- 
num was among the precious metal:. and 
although no special use was found it, 


aluminum was used to cast the cay)» the 


Washington Monument. When was 
finally put to industrial use, and pi luc- 
tion techniques had improved, the rice 
came down rapidly. 

ALUMINUM ORES 

Because of its high reactivity, al um 
is not found in the natural stat t is 
combined with either larger or iler 
amounts of oxygen in the form o! ides. 
It also occurs as hydrates and a: ates 


of somewhat complex compositi: 
Compounds in which silicon a are 


partially replaced by aluminum toms 
are known as aluminum silicates |... in- 
clude nepheline, Na(AISiO,), an thite, 
Ca(AISiO,)s, leucite, K(AISi; and 
orthoclase, K( AlSi3O;). 

Another extremely stable and h om- 
pound is the aluminum oxid 1205, 
known as corundum. Normally ring 
in nature in its transparent form col- 
ored varieties of corundum are « 1 by 
the presence of impurities o ious 
metals. Traces of cobalt, for iple, 
produce the precious sapphire à qua- 
marine, while chromium impuri turn 
corundum into ruby. The value hese 
gems is in direct proportion to !!.— clar- 
ity and the intensity of their colo The 


value of a fine specimen of a rul is not 
far short of that of a diamond \Vhen 


crystallized in large masses v iron 
oxide, Fe3O,, this oxide is also extracted 
and used as an abrasive, in which case it 
is given the name of emery; it is only 


slightly less hard than the hardest of all 
synthetic abrasives, silicon carbide. 

The cheapest of the aluminum ores is 
bauxite, a hydrate with the formula 
ALO; : 2H;O. (The formula is not com- 
pletely accurate in that the mineral con- 
sists of a mixture of more or less hydrated 
oxide molecules.) 

Another ore used in aluminum extrac- 
tion is cryolite, a double sodium alu- 
minum fluoride, AIF; - 3NaF; but these 
ores account for only a small part of the 
aluminum found in the lithosphere. Cryo- 


E 
WORL STRIBUTION OF ALUMINUM—In- 
cluded e composition of a large number 
of roch minum Is widely distributed in the 
lite i: cially widely distributed in 
felds; ind micas, which (together 
with z) are found in large quanti- 
ties iv. sptive rocks. Cryolite also oc- 
curs iu .oclimentary rocks, specifically in 
miners formed by the disintegration of 
erupti»: rock. Chief among these are ka- 
olins (formed by the breaking up of feld- 
spars) and clays. 

Extracting aluminum from bauxite and 
cryolite is a highly complex industrial 


process. The first step is the electrolysis of 
a mixture of alumina and natural or syn- 
thetic cryolite. The cost of aluminum thus 
depends to a great extent on the cost of 
the electric power required to produce it. 


PURE ALUMINUM 


The electrolytic method of processing 
aluminum yields a high degree of purity. 
A metal 99.5 percent pure is normal and 
may reach 99,9 percent if it is first par- 


lithosphere, This does not mean that it can 
always be extracted economically, but alumi- 
num ore reserves are so large as to be almost 


tially refined and then repeatedly elec- 
trolyzed. Such purity is a necessary con- 
dition if the metal is to come into contact 
with foodstuffs. Pure aluminum has ex- 
ceptional properties. As a conductor of 
electricity it is inferior only to silver and 
copper and is widely used in the manu- 
facture of electric cables for high-tension 
lines because of its lower weight com- 
pared to the other two more conductive 
metals. 

The only disadvantage of pure alumi- 
num is that it is quite weak mechanically. 
Pure aluminum cables would bend and 
eventually break under the action of the 
wind; to prevent this, such cables are 
alloyed with other metals for strength 
and are usually provided with a core of 
steel wire. 

The thermal conductivity of pure alu- 
minum is also very high, although inferior 
to that of copper and silver. These two 
properties, electric and thermal conduc- 


inexhaustible. The triangles on the map mark 
the locations of the richest deposits of bauxite, 
the most economically feasible aluminum ore. 


4 


TRIPOLAR CABLE—This power cable consists 
of aluminum conductors insulated with spe- 
cially treated paper and housed in an alumi- 
num tube protected by a plastic sheath. 


tivity, are found together because they 
both depend on the mobility of the elec- 
trons in the crystal lattice. As regards 
crystallization, aluminum belongs to the 
category in which the atoms are arranged 
in a face-centered cubic lattice. 

The specific gravity of aluminum is 
2,70, which makes it a very light metal 
and therefore suitable for use in a variety 
of products, including aircraft parts, es- 
pecially when alloyed with other metals. 
It also has a fairly low melting point— 
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659.7° C (about 1,220° F)— making fab- 
rication techniques simple and costs low. 

Aluminum’s property of oxidizing very 
readily protects it from corrosion by at- 
mospheric agents, in that the coating of 
oxide that forms rapidly on the surface 
of the metal is extremely hard and resist- 
ant to most atmospheric corrosive agents. 
This film of oxide can also be produced 
electrolytically and need only be a few 
thousandths of a millimeter thick to pro- 
tect the metal adequately. In the building 
industry, where aluminum is used to face 
extemal parts, the coating of oxide may 
be as little as 10-15 jum thick and may 
be applied in a vast range of color by the 
use of colored additives. Because the 
coating is made electrolytically with alu- 
minum as the anode, this process is called 
anodization. 

Pure aluminum is less liable to corrode 


5b 


ca RS 


than its alloys, the commonest of which 
are made by adding magnesium, silicon, 
copper, or manganese to the pure metal. 
Duralumin, for example, contains 3 per- 
cent copper, 1 percent manganese, and 
0.5 percent magnesium; its mechanical 
resistance is much higher than that of 
pure aluminum. 

Application of aluminum for mechani- 
cal purposes requires a thorough knowl- 
edge of its properties. Special techniques 
are necessary to produce alloys capable 
of withstanding fatigue (a distortion re- 
sulting from a repeated series of stresses ). 
Combination with other metals often 
causes corrosion on the contact surface 
because of the electrolytic characteristics 
of aluminum. This danger can be avoided 
by covering the aluminum with a layer 
of chromium, which adheres closely to 
the surface. A recently developed tech- 
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AIRCRAFT AND MIRRORS —! 
shows a reflecting mirror, used c 
scopes; Illustration 5b shows an 
construction. Because aluminum 
metal, it is used in alloy form tc 
capable of speeds up to two anc 
the speed of sound. Above th 
friction causes overheating 
structures are severely weakenc 


lon 5a 
in tele- 
t under 
a light 
aircraft 


if times 


ed, alr 
jminum 


ALU | FLASH—Once used as a com- 


bus ance for flash photography, alu- 
mini 1s with a blue-white light of con- 
side ;rightness. 
niq d chiefly in aircraft construc- 
tion lves bonding the two metals to- 
get h epoxy resins rather than with 
nail 

A im can be used with good re- 
sult urcraft parts if the speed of 
the ft does not exceed 2.4 times 
the of sound; at greater speeds, the 
str becomes overheated due to air 
cor on and even the best alloys are 
we: This danger is avoided by us- 
ing s steel instead of aluminum. 
AL! M OXIDE 
Ah displays great affinity for oxy- 
gen ums with great heat in air or 
oxyg »en finely divided. When mixed 
with »xides of most other metals and 
heat: extracts the oxygen from them 
and c "ines with it. The process known 
as aluminothermy is based on this prop- 
erty, This process is used to produce 
elementary chromium and manganese. 


Aluminum combined with iron oxide pro- 
duces a mixture used to weld iron com- 
ponents when other welding techniques 
are invalidated by the complexity (or un- 
wieldiness) of the pieces involved. In 
addition to aluminum powder and pow- 
dered iron oxide, this mixture also con- 
tains silica sand. The reaction is started 
by burning a strip of magnesium and then 
proceeds spontaneously. The iron is re- 
duced by the aluminum and fuses on the 
Piece to be welded. 

Aluminum oxide (alumina) is used 
chiefly in the manufacture of refractory 


TWO SPECIAL USES OF ALUMINA—IIlustra- 
tion 7a shows two refractory bricks containing 
95 percent alumina and resistant to high tem- 
peratures. Illustration 7b shows a sample of 
finely powdered alumina, used as a support 
in column chromatography. 


ee 


(heat-resistant) bricks. When finely di- 
vided, purified, and sorted according to 
the size of the grains, it is used as an 
abrasive in optics and machining, and to 
make grinders or abrasive wheels. Alu- 
mina is also used as a support in column 
and gas chromatography. Powdered alu- 
mina acts as a dehydrator and catalyst 


in a number of reactions. It has a high 
melting point—about 2,000°C (about 
3,632° F)—and is quite heat resistant. It 
is now possible to prepare fine synthetic 
monocrystals of alumina; the colored va- 
rieties are used to replace natural gems 
in jewelry. Extremely pure alumina also 
is used to make windows for optical in- 
struments because of its special property 
of transparency to both ultraviolet and 
infrared rays. 


CHEMICAL PROPERTIES 


Aluminum behaves as a trivalent element 
in its more common compounds. Several 
types of oxides and hydroxides with vari- 
ous degrees of stability exist. Some of 
these are important in that they are inter- 
mediary stages in reactions used in the 
production of alumina and aluminum. 
Aluminum produces many salts, includ- 
ing chlorides, fluorides, sulfides, and ni- 
trates, the most important being alumi- 
num sulfate, Al (SO,)s. Combined with 
potassium sulfate, the double potassium 
aluminum sulfate Alo(SO4)3 : K2SOx * 
24H.0 is produced. This salt, known gen- 
erally as alum, is important in the tan- 
ning, dyeing, and paper industries. It acts 
as a mordant, forming insoluble colored 
compounds with many organic dyes. 

Aluminum in the elementary state is 
composed of only one natural isotope of 
mass 27. 
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OXYGEN PER 


Oxygen is one of the elements in Group 
VIA of the periodic table. The others in 
this group are sulfur, selenium, and tel- 
lurium. These elements are characterized 
by having six electrons in their outermost 
electron shell—and a tendency to pro- 
duce bivalent negative ions. Whereas the 
other three elements in this group can 
occur in valences up to +6, oxygen can- 
not coordinate more than two electrons. 

Oxygen is by far the most important 
of the elements in the lithosphere, ac- 


OCEANS, ROCKS, AND ATMOSPHERE—Oxy- 
gen is incorporated into the rocks, oceans, and 
atmosphere of the Earth. The greatest part is 
in the rocks and is combined mostly with sili- 
con—the most ancient form of oxygen—but 


counting for about 50 percent of its 
weight. Oxygen makes up 21 percent of 
the volume of the atmosphere; eight- 
ninths of the mass of the oceans is oxygen. 

The human body itself is two thirds 
oxygen and the presence of oxygen—both 
free and combined with other elements— 
is essential to life as man knows it. 


A PLANET RICH IN OXYGEN 


In contrast to the other planets of the 


also with smaller quantities of other elements. 
Many millions of years of chemical actions 
have resulted in the dissolving of much oxy- 
gen into water. Further chemical actions over 
more millennia—including the photosynthesis 


solar system, the Earth is r 
Jupiter and Neptune lack 
pletely; they seem to be 
hydrogen or nonoxygenat 
and other light elements 
Mars have atmospheres a 
lacking oxygen, at least i: 
although oxygen might be 

molecules of their rocks. ( 
has the presence of oxy 

firmed, in the form of ca 
the oxygen-carbon compo 


in oxygen, 
ygen com- 
nposed of 
ompounds 
rcury and 

certainly 
free state, 
^nt in the 
on Venus 
een con- 
dioxide— 
hat is the 


process of plant life—resulte: 
of free oxygen into the atm: 
gen level in the atmosphere 
the same process of chloro, 
thesis that helped to form it 


liberation 
The oxy- 
ntained by 
photosyn- 


chief support of vegetable life on Earth. 
THE OXYGEN CYCLE 


The cycle that oxygen undergoes as the 


ts extract oxygen by chlorophyllic 

photosynthesis, using the carbon dioxide 
of th» «tmosphere and combining it with 
wato, presumably according to the fol- 
low reaction: 

29 
CO. 4,07 H-C. +O 

SUE 
Th ilting simple organic compound 
—fi lehyde—then goes through sev- 
era ;plex reactions, building up to 
the o acids and proteinaceous sub- 
star :ssential to animal matter. 

1 »mula for the formation of form- 
alde by photosynthesis also shows 
the se of elementary oxygen. This is 
retu =] to the air by plants, where it is 
reus »y plants as a constituent of car- 
bon ide, or by animals through their 
brea g 

B iing is a form of combustion that 
sup] inimals with the energy they 
need ‘id returns oxygen to the air in 
the | of carbon dioxide—reused in 
tum plants. Carbon dioxide is also 
give: oli during the decomposition of 


nals and plants, completing the 
Oxy fic /cle. 


M: of the world's supply of oxygen 
is f in rocks, where it is primarily 
con with silicon and appears to a 
lesse ent in combination with other 
elen The free oxygen in the atmo- 
sphe now believed to be entirely due 
to tl »eess of photosynthesis. 

THE iSCOVERY OF OXYGEN 


The foot that oxygen exists in the atmo- 
sphere in a free form makes it plausible 
that its discovery would be easy. The 
actual history of the discovery of oxygen 
belies this assumption. Because oxygen 
is difficult to separate from air by phys- 
ical means, many of the properties of air 
actually due to its oxygen content were 
attributed to air itself. Not until 1774 did 
the English chemist Joseph Priestley use 
chemical means to generate oxygen from 
mercury oxide, heating the oxide by fo- 
cusing the rays of the sun on it through 
a lens. The temperature caused decom- 
Position, and Priestley observed that a 
candle burned with an extremely vigor- 
ous flame in the gaseous product, and 
that mice lived longer in it than in an 
equivalent amount of air. The Swedish 
chemist Carl Wilhelm Scheele recog- 
nized oxygen as one of the constituents 
of air; the English chemist Henry Caven- 


dish measured the oxygen content of 
both air and water. Finally, the French 
chemist Antoine Laurent Lavoisier dis- 
covered the part played by the element 
in breathing, oxidation processes, and 
chemical reactions. Because sulfur and 
phosphorus burn in oxygen to form sub- 
stances that yield acidic solutions in 
water, Lavoisier named the substance 
oxygen, which means “acid-former.” 


UNIQUE PROPERTIES 


Oxygen, whether in its solid, liquid, or 
gaseous state, is light blue in color—the 
color of the clear atmosphere at high alti- 
tudes. Oxygen turns into ozone when 
acted on by ultraviolet rays and other 
agents. This serves to protect life from 
the rays of the sun. Ultraviolet radiation 
would sterilize the Earth were it not for 
the molecules of ozone absorbing the 
rays whose wavelengths are below 0.30 
pm (microns). 

Oxygen also has magnetic properties 
that enable its presence to be detected 
by an artificially produced magnetic field. 

The most important property of oxy- 
gen to men is the support it gives to 
combustion. All substances (except the 
noble gases) combine more or less read- 
ily with oxygen. Combustion is the rapid 
chemical combination of various sub- 
stances (combustibles) with oxygen. 
This reaction often develops enough heat 
to vaporize the combustion products, 
thus producing flames. Combustion in 
air is generally much slower and less 
spectacular than in pure oxygen. This 
is because only one molecule out of five 
in air consists of oxygen; thus, the oxygen 
comes into contact with the burning 
substance more slowly. Also, the heat 
generated acts not only on the combus- 
tion products, but also on the atmo- 
spheric nitrogen, which is inert with 
respect to combustion and is therefore 
dissipated. 


OXYGEN AND ITS USES 


The most important source of oxygen is 
the atmosphere. Large quantities of oxy- 
gen are extracted from the air by frac- 
tional distillation of liquid air. Since this 
process is used to produce the nitrogen 
used in the ammonia industry, oxygen 
itself is actually a by-product of this 
process. 

In the steel industry, oxygen is blown 
into converters to bum away the carbon 
in cast iron; in the nitric acid industry, 
oxygen is used to oxidize ammonia. An- 
other common use of oxygen is in cutting 
sheet metal. The flame produced by the 
combustion of acetylene in oxygen is hot 


enough to cut metal by liquefying it. If 
the flame is extremely rich in oxygen, 
part of the molten metal is also oxidized, 
and the reaction is so clean that only a 
very small amount of acetylene is needed 
to maintain the flame. 

Pure oxygen is used in cases where 
air is not available for breathing, as 
in spacecraft, high altitude aircraft, and 
submarines. Breathing pure oxygen 
(rather than oxygen mixed with nitrogen, 
as in the air) is harmless provided the 
pressure of the oxygen does not exceed 
the pressure of the atmosphere. In the 
case of deep sea divers and underwater 
swimmers using elastic diving suits, the 
oxygen must be diluted with inert gases, 
the least expensive of which is helium. 


PHYSICAL PROPERTIES AND 
COMPOUNDS OF OXYGEN 


Small quantities of oxygen for laboratory 
experiments can be obtained either by 
electrolysis or by heating potassium chlo- 
rate. Industrially, oxygen is produced 
by electrolysis of water, or by the frac- 
tional distillation of liquid air. Since 
nitrogen boils at —195.8°C (about 
—319? F) and oxygen boils at —183° C 
(about —297? F), the oxygen in liquid 
air is the first to distill, Oxygen has an 
allotropic form—ozone-that is a mole- 
cule with three oxygen atoms instead of 
two. Ozone oxidizes substances much 
more energetically than does oxygen, 
which is why it is used as a sterilizing 
agent. Ozone can be produced by con- 
trolled electric discharges in special ap- 
paratus. 

The oxygen compound most important 
to life is water. Related to water is hy- 
drogen peroxide (H2O2) obtained by 
electrolyzing sulfuric acid under special 
conditions. Diluted with water, hydrogen 
peroxide is used as a mild disinfectant. 
It is also used in cosmetics as a bleaching 
agent. When mixed with potassium per- 
manganate, it produces a strong exo- 
thermic reaction, with the development 
of water vapor and a sharp increase in 
volume. This property is used in the 
aerospace industry, where oxygen is used 
to produce the vapor required to activate 
turbopumps that feed liquid-fuel rocket 
engines. 

Oxygen is basically a bivalent element. 
Another of its chemical properties is that 
of forming anhydrides with metalloids. 
This is why Lavoisier called oxygen the 
"acid-former." It is now known that the 
combination of oxygen with most other 
elements produces the oxides, many of 
which then react with water to produce 
acids or hydrates, depending on the char- 
acter of the element. 
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CALCIUM | 


Not only is calcium (Ca) the fifth most 
abundant element in the Earth’s crust, 
forming about three percent of its sub- 
stance, but it is one of the most essential 
ingredients in the bones and teeth of 


skeletons, concrete, 
and soap scum 


Aside from its role in biology, calcium 
forms the most economic base in the 
chemical industry, providing a compound 
with countless applications. In addition, 
the limes and cements used in building 


ment also include the reduction 
nium for use as a nuclear fuel 


DISCOVERY AND ISOLATIO 
OF THE PURE METAL 


are largely made up of calcium com- 
pounds. The multiple uses of this ele- 


vertebrates, the shells of mollusks, and 
plant leaves. 


Both calcium oxide (quicklime 


MARBLE, A PURE CALCIUM CARE 
Marble as used in the arts and a 
especially when containing colore 
composed of almost pure calcium 
The varlegations are made up of tr 
ties. Generally, the carbonate in m 
eous rocks is pure enough to prep 
ides and hydroxides for cement. 


THE DOLOMITES—Calcium is found in many 
rocks, including the Dolomite Mountains in 
northern Italy. These formations are composed 
entirely of calcium and magnesium carbonate, 


donor MUCOS The Dolomites were formed 
luring ancient geological periods b: - 
cumulation of seashells. a y eu 
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SALCIUM CARBONATE—In its 
ım carbonate crystallizes in 
, aragonite (Illustration 3a) 
ation 3b). Calcite crystals are 
broad light spectrum, from 
ve visible range, and into the 
icies. Illustration 3c Is a 
j spar, an extremely clear 
roperty of birefringence or 
Light passing through such 
creating a double image. 
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CALCIUM SULFATE (GYPSUM)—This excel- 
lent specimen of a gypsum crystal is composed 
of calcium sulfate, CaSO,:2H;O. Although 
this sample was deposited and redeposited by 
underground water, gypsum is also obtained 
from deposits crystallized from seawater, which 


n 


mu 


[s 


PD ue fe tg aie 


always contains calcium sulfate. When heated, 
some of the water is driven off, forming a semi- 
hydrate. Easily rehydrated, its use in construc- 
tion is based on this process. Gypsum has 
been used in building construction since an- 
cient times. 


37 


38 


STALACTITES — Water passing through the 
subsoil is rich in carbon dioxide and, there- 
fore, somewhat acid. This allows it to dissolve 
appreciable quantities of calcium carbonate 


cium hydroxide (slaked lime) were 
known and used by the Romans in the 
first century, In fact, the Latin word 
calx (lime) provides the basis for the 
name of the element. Not until 1808, how- 
ever, was elementary calcium success- 
fully prepared. Initial research was first 


from rock. In the process, caves are formed. 
The hanging stalactites and rising stalagmites 
in caverns and caves are formed when the 
water evaporates, leaving behind limestone. 


carried out by the Swedish chemist Nh 
Berzelius and a colleague; the two pre- 
pared a caleium amalgam. Later, the 
English chemist Sir Humphry Davy in- 
dependently isolated an impure sample 
of the metal from a similar amalgam. 
Physically, calcium is a relatively hard, 


b 
The centuries of dripping water have created 
the fragile-looking but solid “icicles” of cal- 
cium carbonate shown here. 


silvery-white metal. Chemically, it is à 
member of the Group IIA alkaline earth 
elements, with a valence of +2. Exposed 
to the atmosphere, it rapidly becomes 
coated with a white layer of calcium 
nitride by reacting with nitrogen. Metal- 
lic calcium burns with a typically yellow- 


ough traces of sodium, stron- 
barium will mask this color. 
tests for its presence cannot 


be conci: ve without careful measure- 
ment of wavelength of the emitted 
light. 

Pure c im is an excellent reducing 
agent, a used as such in the metal- 
lurgical nent of other metals to pre- 
vent si oxidation. Because of a 
strong for oxygen, it can extract 
this ele: om many oxides, binding 
it to it lis affinity is the basis for 
the tech alled calciothermy. 
QUICK SLAKED LIME, 

AND € NT 

Quickli; the common name for cal- 
cium ox: :O, a compound easily ob- 
tained b iting the carbonate, CaCO3. 
This p ire consists of mixing the 
crushed nate with carbon; the mix- 
ture is fed into the top of a cy- 
lindrica! The carbon burns in an 
upward nt of hot air, the resultant 
heat pr ng the reaction: CaCO, 
> CaO 42.5 calories. The quick- 
lime is sparent mass that rapidly 
become. ed with a fine layer of cal- 
cium hy le on exposure to atmo- 
spheric ure. Melting only at tem- 
perature ave 2,500°C (4,532° F), 
calcium is often used as a refrac- 
tory lini high-temperature furnaces. 

Calci hydroxide, Ca(OH)s or 
slaked lit is formed by the addition of 
water to :he oxide, either naturally 
through r taken from the atmosphere 
or by me: hanical addition. The solution 
formed is decidedly alkaline, although 
calcium hydroxide is only moderately 


soluble in water. As a construction ma- 
terial, it has innumerable uses. In chem- 
ical analysis, a solution of calcium hy- 
droxide is used to detect the presence of 
carbon dioxide, with which it forms a 
white precipitate of calcium carbonate. 

This reaction with carbon dioxide and 
the conversion to insoluble calcium car- 
bonate is the basis for the “setting” reac- 
tion of cement and concrete: Ca(OH )2 + 
CO, CaCO; + H,O. Since this reac- 
tion depends on the contact of the cement 
with atmospheric carbon dioxide, the 
Setting usually lasts for some time, per- 
haps years. As the reaction progresses, 
the water formed can be seen as moisture 


on the surface of a cement structure. 

Modern construction techniques have 
overcome the prolonged setting time, 
however, not only in the manufacturing 
of so-called quick-setting cement, but in 
the making of precast concrete compo- 
nents. Initially, the concrete is prepared 
in a normal manner and formed into the 
desired shapes. These are then heated 
under pressure, with air replaced by car- 
bon dioxide. This is dissolved in the con- 
crete’s water while being forced through- 
out the concrete object, causing it to set 
rapidly. 


IMPORTANT COMPOUNDS 


In addition to the oxide and hydroxide, 
another important calcium compound is 
the chloride, CaClo. This is an extremely 
hygroscopic salt, absorbing great quan- 
tities of atmospheric moisture. In fact, 
exposed to the air, the salt readily goes 
into solution with the water it extracts. 

In aqueous solution, calcium chloride 
forms hydrates containing a considerable 
number of water molecules. This can ef- 
fectively lower the freezing point of 
water as much as 50°C (90°F). In 
cold climates, calcium chloride is com- 
monly used on icy pavement to melt ice, 
although the actual mechanism is the 
lowering of waters freezing point. An- 
other common application uses the com- 
pound to keep the dust down on unpaved 
roads. In this instance the chloride’s hy- 
groscopic property keeps the roads damp. 

Calcium carbide, CaCs, was once used 
as a fuel for acetylene lamps in which 
acetylene gas was produced by adding 
water to the compound. Although such 
illumination has long been replaced by 
electricity, calcium carbide remains im- 
portant because acetylene is now used 
as a raw material to make calcium cyan- 
amide, CaCN;, a valuable synthetic ni- 
trate fertilizer. This material is an excel- 
lent source of agricultural ammonia be- 
cause it releases the ammonia quite slowly 
in the presence of water. Acetylene is a 
dangerously explosive gas, unstable at 
low pressure. 


CALCIUM AND WATER 
HARDNESS 


Water hardness is a way of expressing 
the concentration of calcium ions dis- 


solved in the water. Actually, only two 
calcium salts are responsible for hard- 
ness in water: calcium sulfate and cal- 
cium bicarbonate. (It should be noted 
that there are two types of hardness, 
temporary and permanent. Temporary 
water hardness can be overcome by sim- 
ple boiling, while permanent hardness 
cannot. The sulfate and bicarbonate ac- 
count for the latter type.) 

For a number of reasons, it is highly 
desirable to remove any calcium salts 
from water. This is especially true in 
steam boilers where permanent hardness 
results in a buildup of scale. Almost like 
a wall of stone, scale composed of cal- 
cium sulfate and bicarbonate can reduce 
the efficiency of a boiler considerably, 
and can actually block hot water pipes. 
Tn another instance, calcium ions severely 
hamper the cleansing ability of soap. 
Common soap scum, or "bathtub ring," 
is actually an insoluble precipitate of a 
calcium soap. Suds will not form in hard 
water until all the calcium has been pre- 
cipitated, and suds are a common mea- 
sure of soap's cleaning ability. 

Modem technology can eliminate water 
hardness by such methods as devices 
containing ion-exchange resins. Hard 
water passing through these resins has its 
calcium ions replaced by other ions that 
do not create hard water. Today's syn- 
thetic detergents also soften water by in- 
corporating phosphate compounds that 
react with calcium ions to pull them out 
of the solution. However, phosphates 
have been found to pose serious pollution 
problems—they create rapid growth in 
marine plants—and research is testing 
substitutes. 

The natural process by which all bodies 
of water age because of the accumulation 
of nutrients is known as eutrophication. 
This phenomenon can be greatly accel- 
erated when excessive nutrients, such as 
those in detergents, accumulate in the 
water. Detergents are rich in phosphates 
and nitrates that fertilize prodigious 
blooms of algae, the simplest aquatic 
plants. As the algae decompose, the dis- 
solved oxygen in the water is used up, 
the water looks and tastes bad, the fish 
die, and so does the water slowly die be- 
cause of accelerated eutrophication. In 
an effort to keep it at a minimum, sci- 
entists are examining detergents for bio- 
degradability and toxicity to fish. 
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ZINC | 


la 


BLENDE AND CALAMINE — Zinc sulfide, or 
blende (Illustration 1a), forms characteristic 
crystals giving the overall impression of deli- 
cate white flowers. Zinc silicate, Zn;SiO, -H;O 
(Illustration 1b), called calamine or natural 
Pemmorehite; forms ricelike transparent crys- 
als. 


garbage cans and 
hydrogen generators 


Before it was recognized as a distinct 
element, zinc (Zn) was used for making 
brass and is referred to in the Old Testa- 
ment. Older still are samples of an alloy 
containing high percentages of the metal; 
these relics were found in prehistoric 
ruins in Transylvania. Zinc, itself, ap- 
pears to have been prepared in thir- 
teenth-century India by the reduction of 
one of its silicates with organic matter. 
The metal was rediscovered in 1746 by 
a European chemist who showed that 
zinc could be obtained by reducing cal- 
amine (the same silicate used in India 
five centuries earlier) with charcoal. 


NATURAL ABUNDANCE 


Zinc is a relatively common element, 
and because its minerals tend to be con- 
centrated in rich deposits it is quite easily 
extracted. In this respect, zinc can be 
contrasted to those elements that are 
more abundant than zinc but are more 
widely distributed, making extraction a 
more costly operation. 

The principal zinc ores include sphal- 
erite, or blende. This, the natural sulfide 
of zinc with the formula ZnS, often oc- 


curs in association with lead sulfid 


lena), and sometimes with pyri! 


iron sulfide. Smithsonite, natu: 
carbonate, and calamine, a sili 
other important minerals. A fou 
cipal ore is the complex mine: 
linite, composed of zinc, manga 
iron oxide. 

Zinc deposits are not only 
commercially for the zinc the 
but also because of their associ: 
other valuable elements. Whe: 
deposits were formed, minera! 
ing lead, cadmium, and german 
formed concurrently. Zinc m 
fact, are an important sourc 
mium. 


EXTRACTION OF ZINC 


Two methods are commonly 
to extract zinc from its ores: ro 
electrolysis. In the roasting opc 
ores are heated to form zin: 
second step reduces this oxi 
metal with coal or carbon, and 
mass is distilled to produce 

material. Although less used, 

is commercially important be: 


SMITHSONITE—This is natural zinc carbonate, 


ZnCO,, another of the common or 
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FRANK AND HYDROZINCITE—lllustra- 
tion 3a men of a zinc oxide-iron oxide 
mineral ranklinite. Traces of manga- 
nese o ir in this mineral. The charac- 
teristic int pattern identifies the basic 
zinc ce hydrozincite shown in Illus- 
tration 

lows re of zinc from relatively low- 
grade In this process the ores are 
crushe¢ i dissolved in sulfuric acid. 
Electrolysis of this solution results in 
zine with a high degree of purity. 


THE USES OF ZINC 


Zinc is primarily used as a metal, al- 
though its compounds have many im- 
portant applications. About one third of 
the present zinc production goes into the 
galvanizing of ferrous metals, notably 
iron. To protect such metals from cor- 
Tosion, a thin layer of zinc is deposited 
by immersion in molten zinc. While a 
fine coating of basic zinc carbonate forms 
on the surface of the treated metal, the 
underlying iron is completely isolated 
from atmospheric attack. The zinc oxide 


forms a protective barrier for the zine, 
preventing further oxidation. 

Brass alloys consume another third of 
the world zinc production, while the re- 
maining zinc is converted into a number 
of chemical products. In the making of 
alloys, the greater the percentage of zinc 
the less costly the finished product, for 
copper (which is used in bronze) has in- 
creased tremendously in price. Although 
brass is being displaced to some extent 
by aluminum alloys in a number of fields, 


brass continues to rank as one of the most 
important commercial alloys. 

The largest single use of zinc in the 
United States is for die-casting alloy. In 
the die-casting process, molten metal is 
injected under pressure into a steel die. 
The metal solidifies in this die almost at 
once, and the die can be opened and the 
casting ejected rapidly. The process lends 
itself to the fast production of compli- 
cated parts because the whole sequence 
can be operated automatically. Zinc forms 
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the basis for one of the best alloys for die 
casting when alloyed with 4 percent alu- 
minum and 0,05 percent magnesium. It is 
essential in the formulation of this alloy 
that only the highest purity zinc be used, 
and care is taken to prevent contamina- 
tion by low-melting-point metals such as 
lead, cadmium, or tin; otherwise the cast- 
ings are subject to intercrystalline corro- 
sion, 

Such an alloy melts with great ease, is 
fluid, and does not attack the steel dies 
into which it is injected. It can reproduce 
precisely the shape of the most compli- 
cated dies. The cast parts, which have 
good mechanical properties, can be plated 
or lacquered easily. For these reasons, 
the automobile industry uses large quan- 
tities of zinc die castings, for radiator 
grills, carburetors, fuel pump and shock 
absorber bodies, door handles, instrument 
panels, and other applications. Zinc die 
castings are used extensively also in elec- 
trical appliances, machine tools, building 
hardware, and toys. 

In building construction, zinc rolled 
into a sheet gives long service. A develop- 
ment in rolled zinc involves the introduc- 
tion of an alloy containing small quantities 
of copper and titanium, which impart im- 
proved stiffness and creep resistance. An 
important use of rolled zine is in the pro- 
duction of dry battery cans, which form 
the container and one electrode of the 
Leclanche type of cell, the unit on which 
most portable dry batteries are based, 
^. Zinc dust, made either by rapid chilling 
of zinc vapor or by atomizing molten 
zinc, is used in the manufacture of dye- 
stuffs and other chemicals. It is also used 
in the manufacture of sodium hydrosul- 
fite, a reducing agent. Zinc dust is used 
in precipitating gold from cyanide solu- 
tions. In sprayed form, the dust is used 
in paints. 


THE PROPERTIES OF ZINC 


Zinc, with atomic number 30, is a Group 


IIB element, sharing its family with cad- 
mium and mercury. The metal has a 
blue-white luster, and is brittle at room 
temperature. Heated to between 100° C 
and 150°C (212°F and 302°F), how- 
ever, zinc becomes quite malleable; it 
reverts to a brittle state at higher tem- 
peratures due to changes in crystalline 
structure. Zinc melts at a relatively low 
419.4°C (about 786°F), which is just 
slightly above the melting points of tin 
and lead, 

Zinc easily replaces hydrogen in acids, 
a property commonly used in the com- 
mercial production of the gas. The metal 
is typically electropositive, and has an 
oxidation state of +2. In the liberation of 
hydrogen from acids, zinc reacts with 
both oxidizing and reducing compounds 
(sulfuric acid, H2SO,, and hydrochloric 
acid, HCl, for example). 

Exposed to atmospheric oxygen, zinc 
readily forms a white oxide. If heated to 
red heat, the metal burns to form the 
same compound. Because zinc easily 
forms compounds with oxygen, it is 
widely used in organic reactions to re- 
move oxygen from organic molecules. 

Although zinc and its salts are mildly 
toxic, recent research indicates that 
traces of the element are essential to 
plant and animal life, 


ZINC COMPOUNDS 


One of the simplest zinc compounds is 
the oxide, ZnO, occurring naturally as 
the mineral zincite, Synthetically, the 
compound is prepared by burning the 
metal in air. Primarily, zinc oxide is used 
as a pigment and in the rubber industry. 
As a pigment, its covering power, or 
opacity, is second only to that of titanium 
dioxide. 

Certain therapeutic properties allow 
the use of zinc oxide in astringent and 
disinfectant preparations, Zinc also forms 
a peroxide, ZnO» + 14H;0, that, like hydro- 
gen peroxide, is capable of releasing oxy- 


gen. This compound is someti  «s used as 
an antiseptic. 

Zinc hydroxide, Zn(OH), <s an ob- 
viously alkaline character. ! vever, in 
the presence of stronger base. © may be- 
have as a weak acid. This — jphoteric 
property allows it to form ^ pounds 
known as zincates in an envir sent rich 
in hydroxyl ions. 

Of the many zinc salts, t! iore im- 
portant are zinc chloride, sulfate, 
and zinc sulfide. Zine chk is the 
product of a reaction betwee. ‘he metal 
and hydrochloric acid. On poration 
of the solution, zinc chloride | «ins crys- 
tals containing three or six er mole- 
cules. In the anhydrous state ‘his com- 
pound is a powerful dehydr ng agent 
and is used in organic reactic - to elim- 
inate water. 

Molten zinc chloride has t) property 
of being able to clean meta surfaces, 
which enables them to be led effi- 
ciently. This property makes ne chlo- 
ride valuable as a flux in ind: il weld- 
ing operations. Similarly, a « ntrated 
solution of zinc chloride an 1c oxide 
forms the oxychloride, Zn ( O1 |, which 
is an effective adhesive for ving dis- 
similar materials. In aqueous sùo ation, the 
chloride finds some use as a d infectant. 

Zinc sulfate, ZnSO,, is used n electro- 


plating, textile printing, and coagulating 
viscose rayon. By mixing zinc sulfate 
with barium sulfide, a double exchange 


reaction occurs to produce the highly 
opaque white pigment called lithopone. 
Because it is less costly than the zinc 


oxide pigments, lithopone is often used 
in their place. 

Zinc sulfide, ZnS, occurs naturally as 
blende, one of the most common zinc 
ores. Synthetically, the sulfide can be 
prepared by precipitation in the reac- 
tion between ammonium salts and hy- 
drogen sulfide, producing a white com- 
pound. If the sulfide contains traces of 
heavy metal salts as impurities, it phos- 
phoresces, 
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History special place to the 
primitive ho first learned how to 
extract c rom the earth and con- 
vert it to e as a workable metal. 
His disco rhaps around 4000 B.C., 
prepared for a still more impor- 
tant find ns of fusing copper with 
tin to for: ;e. Bronze made obsolete 
the weap | tools of stone and bone, 
enabling | step from the Stone Age 
into the a ietals. Important as cop- 
per was ient man, it is perhaps 
more imp to modern man as a 
conductor lectricity, as the principal 
componen nany alloys, and as a con- 
stituent of substances used in labo- 
ratory anal or industrial processes. 
COPPER IN NATURE 


Copper is one of the most common 
metals, contained in the crust of the 
Earth in a proportion of 70 g/t (about 
25 oz/t). There are large deposits of 
copper in the United States, Chile, the 
Soviet Union, Zambia, and the Re- 
Public of the Congo. Copper is often 
found concentrated in seams, forming 
extensive deposits from which extraction 
is relatively easy and economical. In its 
Dàtive state, copper is found as fila- 
ments covered by a layer that has been 
altered chemically; in this form, only 
small amounts of copper are recoverable. 


the tawny king of 
electrical and heat conduction 


de- 
COPPER IN NATURE—One of the largest 

posits of copper is in the United States. Illus- 
tration 1a shows an opencut copper mine in 
Utah, and 1b shows copper in its natural state. 


CHALCOPYRITE—This sulfide ore (Illustration 
2) of copper and iron, CuFeS;, Is widespread. 
One of its characteristics is the metallic re- 
flections from its surface. 


It is more frequently found in its oxi- 
dized state. 

The most important minerals in the 
copper family are the sulfide ores: chal- 
cocite, CuS, and chalcopyrite, CuFeS;. 
In many of the pyrites from which iron 
is extracted, there is a large copper con- 
tent that can be recovered with advan- 
tage. Copper is often found with precious 
metals, such as silver, gold, and platinum; 
these can be recovered during the refin- 
ing of crude copper. 


Beautiful minerals from the copper 
family include malachite and azurite, 
found in the form of knobbed concretions 
of hydrothermal origin that show strik- 
ing designs when cut into laminae, and 
dioptase. Malachite is much sought as 
an ornamental stone because it is be- 
coming increasingly rare and valuable. 
Malachite is a basic copper carbonate, 
CuCO; - CU(OH );, as is azurite, 2CuCO; 
: Cu( OH)». Dioptase is a copper silicate 
that is used for ornamental purposes be- 


COVELLITE AND MALACHITE- ellite (Il- 


lustration 3a) forms beautiful he nal lam- 
inae. Malachite (shown in 3b), isic car- 
bonate, forms knobbed crystals emerald 
green color that makes it desir: or orna- 
mental purposes. 

cause of its emerald green 
EXTRACTION AND 

REFINING OF COPPER 

Copper is usually extracted » | refined 
by a three-stage process. I» the first 
stage, ore is ground and enrich. In the 
second stage, ore is roasted in a warm 
current of air to remove the sulfur in 
the raw material. In the third stage, the 


crude metal is refined by electrolysis. 

The grinding and enrichment process 
recovers copper from poor ore, even that 
containing only 1 percent copper. The 
ore is ground to a fine dust and passed 
through liquids containing small quan- 
tities of foam agents (oils). The grind- 
ing process separates granules of copper 
ore from other minerals, even if only par- 
tially. The copper ore granules are at- 
tracted into the air bubbles created by 
the foam agents and thus separated f- 
nally from the other mineral dust. By 
eliminating slag, this flotation process 
concentrates the copper ore that was 
present in the original raw material. The 
product that is passed on to the secon' 
stage, an iron and copper sulfide, usually 
contains up to 20 percent copper. 

The second stage of extraction involves 
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and copper sulfide in 
to the converters used 
from pig iron, Air is 
rom above as the min- 
ited to a temperature of 
F) to ensure that the min- 
ully molten. The amount 
nineral is greatly reduced 
the sulfur burns off dur- 
process. The copper be- 


| first; while the iron also 


;pper is reduced partially 
jer. Further heating com- 


ction. 


tion, a less common pro- 
is extracted in a solution. 
is pulverized and left to 
time in the presence of 
rents. This is essentially 
olved when minerals on 
rocks are exposed to the 
d and oxidized mineral 


ved in sulfuric acid and 


caused to precipitate while the iron is 
retained in solution. 

Electrolytic refining involves the use 
of cells in which copper is introduced 
in the form of copper sulfate, CuSO,, in 
a proportion of 15 percent, and sulfuric 
acid in a proportion of 5 to 10 percent. 
If a low-voltage electrical current is 
passed through the cell, copper with a 
purity of 98 to 99 percent is deposited on 
a cathode. A second refining process will 
produce copper with a purity of 99.995 
percent. During the first refining, impuri- 
ties collect at the bottom of the cell in 
the form of sludge, which often contains 
recoverable precious metals such as sil- 
ver, gold, and platinum. 


PROPERTIES AND ALLOYS 
Copper is a soft, ductile, malleable metal. 


It is quite heavy, with a specific gravity 
higher than that of iron. Copper, which 
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AZURITE AND TURQUOISE—Azurite (Illustra- 
tion 4a) is a basic copper carbonate, 2CuCO; - 
Cu(OH);, blue in color. Turquoise, shown in 
Illustration 4b, which varies in color from pale 
blue to apple green, is sometimes called 
Persian turquoise because it is found widely 
in Iran (formerly Persia). 


4b 


melts into a viscous liquid at a tempera- 
ture of almost 1100? C (2012? F), is not 
used for casting because it does not flow 
freely through molds. Because the mo- 
bility of its electrons within its crystal 
lattice makes it a very good conductor of 
heat and electricity, it is used extensively 
in electrical wiring. Copper evaporates 
easily in a vacuum, making it useful in 
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torbernite, 
Cu(UO,)2(PO,)2 :8H;O (Illustration 5a), has 
little practical importance. Copper is widely 
used in industry as an electrical conductor, 
much of it in wire as on the reel shown in 
Illustration 5b. 


TORBERNITE — The mineral 
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COPPER ALLOYS—Copper is used with other 
elements to make alloys such as bronze, from 
which this bell was cast, and brass. The cost 
of bronze, used also to make coins and stat- 
ues, is high because of the amount of tin used 
in the alloy. 


—— — MM e Lnd 
the preparation of mirrors that reflect in- 
frared rays. It has a distinctive reddish 
color because it reflects radiation with 
a long, rather than a short, wavelength. 
The reflective power of copper is so high 
in the infrared range that a copper- 
covered mirror can reflect a ray from this 
wavelength many times without signifi- 
cant energy loss. 

Copper forms solid solutions with gold 
in all proportions, and it is used with 
gold to form alloys with greater dura- 
bility than that of gold alone. With a 
small proportion of copper, these alloys 
take on a pink color. 

Copper has important applications in 
two important families of alloys: the 
bronzes, in which the second component 
is tin, and the brasses, in which the 
second component is zinc. The bronzes 
are hard, fragile, easily meltable, and 
have many mechanical uses, Because 
they have a low coefficient of friction 
when moved across steel, they are espe- 
cially suitable for the bearings on which 


steel shafts turn. The friction coefficient 
is often reduced even more by the intro- 
duction of other elements, Small amounts 
of phosphorus or silicon are sometimes 
added—the phosphorus to increase dura- 
bility and resistance to corrosion and the 
silicon to increase resistance to traction 
without decreasing electrical conduc- 
tivity. This alloy is used for small-gauge 
conductors such as telephone wires when 
good mechanical resistance is needed in 
addition to good conductivity. In the 
brasses, the zinc content varies from 20 
to 50 percent. High zinc content gives 
brass a light color and makes it very 
brittle. The addition of other ingredients 
gives the brasses particular resistance to 
corrosion. 


COPPER COMPOUNDS 


Copper has a valence of +1 or +2 and 
therefore forms two series of compounds, 
the cuprous and the cupric. When ex- 
posed to air, copper forms a green patina 
of basic carbonate. This covering pro- 
tects the metal from any further atmo- 
spheric corrosion and makes it useful as 
a covering for roofs and the domes of 
churches in thicknesses of about 1 mm 
(about .04 in.). Although copper is cor- 
roded by nitric acid, hydrochloric acid 
does not corrode it, and sulfuric acid 
corrodes it only when the acid is hot. 
Traces of copper are essential to living 
things, especially plants. Its soluble com. 


COPPER SULFATE—Crystals of copper sul- 
fate, also called blue vitriol, are a beautiful, 
intense blue. Mixed with lime milk, copper 
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pounds are poisonous. 

Of the cupric compounds, 
most common is cupric sulf: 
also called blue vitriol, w 
beautiful blue color and cry 
a hydrate containing five 1 
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FLUORINE AND CHLORINE | 


ees 


A 


ugh the action of fluorine (F) on 
substances was noted in the six- 


th century, not until 1886 was this 


reactive of all elements isolated. For 
three hundred years, chemists of 
capabilities had tried unsuccess- 
and often with tragic results, to 
his gas that fiercely attacks any- 
it contacts. Both the Swedish chem- 
rl Scheele and the English chemist 
nphry Davy, among other great 
in chemistry, experimented with 
uoric acid. However, the honors— 
iting in the Nobel Prize for chem- 
1906)—fell to the French chemist 
ind Moissan for isolation of ele- 
! fluorine in the last quarter of the 
nth century. To this day, varia- 
f Moissan's methods are respon- 
» the commercial production of 
e, atomic number 9. 


With a less protracted history, chlorine 
(CI) was discovered in 1774 by Carl 
Scheele. He did not recognize his dis- 
covery as a distinct element, however, 
and it was left to Sir Humphry Davy to 
isolate and name the element in 1810. 

Chlorine, with atomic number 17, is 
less reactive than its fluorine “twin,” al- 
though it, too, is a vigorously active gas. 


PHYSICAL AND CHEMICAL 
PROPERTIES 


Both fluorine and chlorine are members 
of the halogen family, and both are gases 
in their normally observed states. Gase- 
ous fluorine is pale yellow in color, with a 


chemistry's 
terrible twins 


SEA 


characteristic pungent odor that indicates | 


its presence in concentrations as small as 
20 parts per billion of air. Fluorine is the 
most reactive of all the elements; virtu- 


ITE—Fluorine's name is derived from 
sral, which is the element's most char- 
> and important source. The specimen 
ere illustrates violet crystal forma- 
though fluorite also occurs in a green 
j in a prized transparent state. The 


latter has been used to make delicate and 
precise objective lenses for microscopes be- 
cause of its extremely low index of refraction. 
Its fragility, however, has led to the use of 
other materials, most of them man-made. 


SALINE — Man's largest chlorine reserve is 
found in the seas, with a estimated average 
abundance of 0.2 percent. Sodium chloride, 
representing most of this content, can be re- 
covered by concentrating seawater and evap- 
orating the solution, as seen in this illustration. 


ally no inorganic or organic substance is 
immune to its attack. Because of this ex- 
treme combining power, elemental fluo- 
rine is never found in the free state in 
nature, although it is widely distributed 
chiefly as the minerals fluorspar, CaF», 
and cryolite, NasAlFs. Other minerals 
complete its pattern of distribution to 
place fluorine in the thirteenth position 
on a scale of abundance in the Earth’s 
crust. 

Chemically, the valence of fluorine is 
always —1, due to the fact that its di- 
atomic molecule readily gains an elec- 
tron. In this respect, fluorine is always 
found as the F2 molecule, in which one 
electron is shared by two atoms. Thus, 
the fluorine molecule can be pictured 
as :F:F: in which each atom contrib- 
utes an electron to the circled pair. 

All metals react with fluorine under 
suitable conditions, notably at elevated 
temperatures. In many cases, the fluorine 
forms a protective fluoride coating on the 
surface of the metal, preventing further 
reaction. However, since such fluorides 
are generally quite volatile, continued ex- 
posure to high temperatures does not pre- 
vent on-going reactions. In the case of 
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CRYOLITE—Another fluorine mineral, with the 
formula NasAIF,, is represented by this sample 
of cryolite. Found primarily in the United 
States, Greenland, and the Soviet Union, cry- 
olite sometimes has a pinkish hue. 


the more reactive alkali and alkaline- 
earth metals (sodium, potassium, and 
magnesium, for example), no resistance is 
offered by such surface fluorides, and the 
reactions with these elements are highly 
exothermic, Less reactive metals and most 
nonmetals, especially when in a finely 
divided state, and even water, burst into 
flame in a fluorine atmosphere. Certain 
metals form fluoride coatings with rela- 
tively low levels of volatility. Among 
these are aluminum, copper, and nickel; 
these are used to make containers for 
storing the gas. 

Among the organic compounds, only 
carbon tetrafluoride does not enter into 
immediate reaction with elemental flu- 
orine. In fact, the reactions between flu- 
orine and organic materials tend to be 
quite violent and dangerous unless suf- 
ficient precautions are observed. For this 
reason, all fittings and valves used in the 
Presence of the gas must be absolutely 
free of grease or other foreign matter, 
including water. 


SYLVITE AND CARNALLITE—Both these min- 
erals contain chlorine. Sylvite (Illustration 4a) 
is a simple compound of potassium chloride, 
while carnallite (Illustration 4b) is a more 
complex double salt of potassium and mag- 


Water and fluorine react in a rather 
complex fashion; the products are pri- 
marily oxygen and hydrofluoric acid. To 
a lesser extent, hydrogen peroxide, ozone 
and oxygen difluoride are also formed. 

Chlorine, although less reactive than 
fluorine, still combines directly with al- 
most all the elements. In its elemental 
state, chlorine is a greenish-yellow gas. 
The color, in fact, gives chlorine its name 
(from the Greek chloros, meaning “green- 
ish-yellow"). Always found in nature 
combined with other elements, especially 
with sodium as the ubiquitous sodium 
chloride (NaCl, common salt), or as the 
mineral carnallite ( KMgCl, : 6H;O), and 
as potassium chloride ( sylvite, KCl), 
chlorine and the chlorides are essential to 
man’s survival, 

One of the highly electronegative ele- 
ments, chlorine’s normal oxidation states 
are —], and 1, 3, 5, and 7, In combination 
with hydrogen or oxygen, chlorine ex- 
hibits valences throughout the range —] 
to +7 (with the exceptions of 2 and 6, for 
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lor of the 


nesium chlorides. The salmon p 


latter is due to iron impurities ally, both 
occur as translucent masses. : crystals 
are usually colorless, but some they are 
a bright, translucent blue. 
Which no compounds are ki i 
Considerably easier to han nd store 
than fluorine—although st equiring 
suitable precautions—chlori: highly 
soluble in water. For example, at 10°C 
(50° F) one volume of water dissolve 
a bit more than three volumes of the gas. 
In smaller concentrations, chlorine is used 
all over the world to purify drinking 
water, making use of the element's ger- 
micidal and bactericidal properties. 
Chlorine is easily liquefied, either 


pneumatically or by cooling the gas in E 
closed container to about —35^ C (731 
F) at normal atmospheric pressure. In 
either instance, the element is highly 
toxic. Like fluorine, chlorine is encoun- 
tered as a diatomic molecule rather than 
as single chlorine atoms. 


PRODUCTION METHODS 
Both fluorine and chlorine are produced 


on an industrial scale by electrolysis. In 
addition, chlorine is sometimes manufac- 


tured from chlorides that can be acted 
on by oxidizing agents, although produc- 
tion by this method yields only a small 
percentage of the world supply. 


Since the most common, and by far the 
least expens raw material for chlorine 
productic :dium chloride, vast quan- 
tities of t! stance are used in manu- 
facturing gas. In the simplest type 
of reacti aqueous solution of so- 
dium ch is electrolyzed to yield 
chlorine solution of sodium hy- 
droxide 

+e 
Nat )—— Cl, + NaOH. 

Specia n cells are used to ob- 
tain chlo) his way, and special care 
is taken t at the chlorine from mix- 
ing with en gas. Even though hy- 
drogen shown in the equation, 
some is | from electrolysis of the 
water, Fi iore, since these elements 
combine ively, utmost considera- 
tion is gi eeping them apart. 

Fluori: roduced by the electroly- 
sis of a um hydrogen fluoride so- 
lution i: irous hydrogen fluoride. 
Because lifficulties inherent in the 
producti handling of elemental 
fluorine iufacture was quite lim- 
ited prio rld War II. However, the 
newly e: nuclear energy science 
of the m ; gave impetus to the de- 
velopme 1orine technology. Today, 
thanks t orldwide atomic energy 
program ts huge demand for the 
element is readily available for 
many pu 

The m by which fluorine is pro- 
duced t re little different from 
those us Moissan in the 1880s. As 
stated, tł is a product of fluoride 
salt elect carried out in special 
metal or t parent fluorspar containers. 
The product is stored either as a gas un- 
der pressure or as a pale yellow to color- 


less liquid 
COMPOUNDS AND USES 


Of all the chlorides, sodium chloride is by 
far the most important both from the in- 
dustrial standpoint and in human physi- 
ology. As a raw material, common salt 
takes part in numerous processes. In the 
human diet, it is indispensable in main- 
taining the delicate electrolyte balance 
in the body, 

Ranking close to sodium chloride in 
terms of importance is hydrogen chloride, 
better known as hydrochloric acid 
(HCl) when in aqueous solution. The gas 
is highly irritating, colorless, and ex- 
tremely soluble in water. In fact, one 
Volume of water will dissolve more than 


500 volumes of HCl. As the anhydride, 
HCI will not react with many metals. In 
solution, however, it is one of the primary 
mineral acids (along with sulfuric and 
nitric acid), reacting with most common 
metals to form the respective chlorides. 
This, in itself, explains in part the indus- 
trial importance of hydrochloric acid. 

Furthermore, the gastric contents of 
the human stomach contain HCl in re- 
spectable concentration. Indeed, the nor- 
mal concentration of hydrochloric acid in 
the stomach is sufficient to attack cloth, 
a fact attesting to the durability of the 
stomach lining. 

Among the oxychlorides, perhaps the 
most important are the hypochlorites. 
Such compounds are able to liberate gas- 
eous chlorine in water, rendering the 
compounds useful as bleaching agents. 
Large quantities of these compounds are 
used in the textile and paper industries 
for this purpose. 

Other notable inorganic chlorine com- 
pounds are the salts of chloric and per- 
chloric acids—the chlorates and perchlo- 
rates, respectively. These compounds are 
ready sources of oxygen, and are used 
in the manufacture of explosives and 
matches. Sodium chlorate, NaClOs, is an 
effective herbicide. 

The list of organo-chlorine compounds 
is extensive, especially if all the plastics 
of which chlorine is a part are named. In 
this vein, perhaps the best-known com- 
pound is polyvinyl chloride, PVC. 

In organic synthesis, chlorine plays a 
major role in oxidation and substitution 
reactions. Of the latter, a form of syn- 
thetic rubber is produced by substitut- 
ing chlorine for hydrogen in certain or- 
ganic compounds. 

Fluorine is now of paramount impor- 
tance in organic chemistry, since it has 
been proposed that this element might 
be capable of substitution for hydrogen 
wherever it occurs in organic compounds. 
This being the case, organo-fluorine com- 
pounds could easily number into the 
thousands. 

On the everyday level, fluorine's chief 
acid, hydrofluori HF, an inorganic 
acid, is used to etch the "frosting" on 
light bulbs. This is the only acid that 
will react with silica, the primary ingre- 
dient in common glass. 

Fluorine and a number of its com- 
pounds are also used in the production of 
uranium for the vital nuclear energy in- 
dustry. This element is now generally 
available because of the need for fluorine 
generated by the atomic industry. 

More than 100 fluorochemicals of im- 
portance are recognized, with the prom- 
ise of more to come from the most re- 
active element in the periodic table. 


TEFLON — One of the high-temperature plas- 
tics, Teflon is a fluorinated organic compound 
with the chemical name polytetrafluoroethyl- 
ene. Because of its remarkable antifriction 
properties it is a valuable dry lubricant. Al- 
most every housewife knows of its “nonstick” 
qualities in cooking utensils. Furthermore, this 
compound strongly resists chemical attack, 
finding use in anticorrosives. 
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ETCHED GLASSWARE — The most important 
compound of fluorine is hydrofluoric acid. This 
is the only acid known that will etch silica, the 
major component in glass. Thus, frosted light 
bulbs and some decorated glassware are 
treated with this acid. 
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SULFUR 


Sulfur (S), the yellow element, has long 
been a part of man's history; references 
to the substance are made in Greek my- 
thology and in both Biblical Testaments. 
Early man used sulfur for a variety of 
purposes, generally in mystic rites, al- 
though some instances of its use in med- 
icine are recorded. 

For centuries this element carried with 
it the unfortunate and undesirable (and 
certainly inaccurate!) stigma of being 
a constituent of Hell This is perhaps 
understandable in terms of some of sul- 
fur's properties. For example, in regions 
of volcanic activity, the smell of burning 
sulfur coupled with an ignorance of na- 
tural phenomena fortified the "fires of 
Hell" myths. Furthermore, since elemen- 
tal sulfur is easily burned in air, the sto- 
ries of “fire and brimstone"—"brimstone" 
meaning “burning stone"—were readily 
accepted as fact. 

Throughout the Middle Ages, alche- 
mists devised numerous theories to ex- 
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SULFUR—In its minerals, sulfur occurs in often 
beautiful forms. This is a specimen of zinc 
sulfide, ZnS, or blende. 


plain natural occurrences, among them 
that sulfur was both a "spirit" and an ele- 
ment. In 1772, however, the French 
chemist Antoine Lavoisier, known as the 
father of modern chemistry, demonstrated 
conclusively that sulfur was a specific 
element. His proof set the stage for the 
development of sulfur chemistry. 


from brimstone 
to antibiotics 


PHYSICAL AND CHEMICAL 
PROPERTIES 


Sulfur, with atomic number 16, occurs 
most commonly as a yellow solid, either 


CEES e a 
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powdery or crystalline in form. Tts va- 
lences are 2, 4, and 6. It is somewhat 
unique in that its molecular str: ture is 
highly temperature-dependent Y ex- 
ample, above 1,500°C (2,732 `) the 
COBALT SULFATE — Under the r "scope, 
these crystals of cobalt sulfate, C + take 
on a jewellike quality when viewe polar- 
ized light. 

SULFUR BLOCKS—Like haphaz strewn 
boulders, these blocks of solid s. wait for 
further processing. Once far belov Earth's 
surface, the sulfur was melted wi t water 
and pumped into forms to solidi! jhts like 
this are common in Texas and Lo: a where 
important deposits of elementa fur are 


mined. 


FLOWERS 0! 


LFUR—Another form of ele- 
mental sul: btained by sublimation of 
sulfur-conta ases, The result is this 
finely divide y pure yellow dust. 
element exi n an atomic phase, but 
at conside: lower temperatures the 
atoms join ules. An oxygen-like S; 
molecule je observed at around 
1,0000* C ( F). Other combinations 
of tempera ind pressure result in the 
formation ng structures or long, 
branched s 

While n ily solid, sulfur also oc- 
curs in sey illotropic forms, notably 
a heavy liv in relation to water) and 
à viscous tic” mode. Both can be 
easily forn heating solid sulfur. In 
any case, element is insoluble in 
water but ible in carbon disulfide, 
CS.. 

Chemically, sulfur is a rather active 


material, c nbining with a wide range 
of other elements at normal tempera- 
tures. In fact, vigorous reactions take 
place at roorn temperature with the alkali 
and alkaline-earth metals, and sulfur 
readily forms compounds with copper, 
mercury, and silver. In the last instance, 
the tamish on silverware is a common 
example of sulfur’s action. If heated, sul- 
fur reacts with additional elements. At 
higher temperatures, however, some ma- 
terials are untouched even by boiling 
Sulfur-a property exploited industrially 
for the handling of sulfur, At the boiling 
Point—444.6? C (about 823° F)—sulfur 
Benerates vapors that turn deep red at 
500° C (932° F) and a straw yellow at 
850° C (1,562° F), 


NATURAL OCCURRENCE 
AND PROCUREMENT 


Sulfur is one of the more widely spread 
elements in nature, occurring both in the 
elemental state and in a variety of com- 
pounds. Of these, the majority are sul- 
fides and sulfates. Sulfur ranks about 
ninth in abundance in the Earth’s crust. 

Large and important deposits of ele- 
mental sulfur occur in Louisiana and 
Texas in the United States, and in Mex- 
ico. The sulfur in these locations is re- 
covered by a method known as the 
Frasch process. Essentially, this process 
involves melting the underground sulfur 
with superheated water and pumping it 
to the surface to solidify. Illustration 5 
diagrams the mechanics. 

Other deposits, especially those in Sic- 
ily, Japan, Poland, and the Soviet Union, 
are mined by conventional means, with 
the sulfur being concentrated by flota- 
tion. 

Another source of this valuable ele- 
ment is natural gas wells. Here, sulfur is 
recovered from the gas by special ab- 
sorption techniques in the Claus process. 
Because of the rising consumption of 
natural gas and other hydrocarbons, this 
source promises to gain in stature. 


COMPOUNDS AND APPLICATIONS 


Before discussing sulfur's numerous com- 
pounds, the element itself is worthy of 
further attention. Uncombined, it is a vital 
material in both plant and animal physi- 
ology; sulfur is found in virtually all liv- 
ing things to the extent of about 1 percent 
by weight. In this respect, proteins and 
their manufacture require the presence 
of sulfur atoms; and through an estab- 
lished “sulfur cycle,” organisms break 
down sulfur-containing minerals. 
Sulfur’s most important contribution to 
mankind, aside from its physiological as- 
pects, is sulfuric acid, H5SO,. It has been 
said that the production and consump- 
tion of this acid is a mark of a society's 
advancement (philosophical considera- 
tions notwithstanding). Sulfuric acid is 
an extremely strong mineral acid with an 
affinity for water. In fact, it reacts rapidly 
with many organic compounds, removing 
the water to leave a carbon residue. Be- 
cause this acid reacts vigorously with 
water with the production of quantities 


of heat, serious accidents have occurred 
when a boiling acid-water mixture has 
erupted into the face of the uninformed. 
Inall cases, sulfuric acid should be added 
quite slowly to any water, with continu- 
ous gentle stirring of the mixture. 

This acid has wide applications in 
numerous industries, including metal- 
lurgy, plastics, petroleum, and pharma- 
ceuticals. 

Sulfur's oxides include the dioxide, SO», 
and trioxide, SO;. Today, the former is 
recognized as a major pollutant from in- 
dustry and from the burning of coal in 
heating plants. SO. is a respiratory irri- 
tant, but is also an efficient bleaching 
agent—less active in this respect than 


FRASCH PROCESS — Used primarily in the 
United States, the Frasch process uses super- 
heated water to melt underground sulfur. As 
the hot water is introduced, the molten sulfur 
is pumped to the surface to solidify (see Illus- 
tration 3). 
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CRYSTALLINE SULFUR—The yellow, translu- 
cent mass of crystals in Illustration 6a is a 
specimen of the rhombic form of sulfur. This 
form is stable at room temperature. In Illustra- 
tion 6b, the monoclinic structure has resulted 
from the heating of the rhombic form. 


6b 


chlorine. As such, sulfur dioxide is mixed 
with water to form sulfites, and these 
compounds are used extensively in the 
pulp and paper industry. The sulfites are 
capable of removing the natural “glue” 
in wood fibers, a sticky material called 
lignin, leaving cellulose fibers from which 
paper is made. 

Sulfur trioxide, sometimes called sul- 
furic anhydride, has little purpose except 
in the production of sulfuric acid. When 


added to water, the oxide reacts to form 
the acid: 


SO; + H20 > H2SOx. 


Two other oxides of sulfur, $203 and 
SO,, are known. The sesquioxide, S203, 
is formed by adding powdered sulfur to 
liquid sulfur trioxide at 15° C (59° F). 
It is a blue to blue-green solid which de- 
composes slowly into SOs, SO», and S. 
Sulfur tetroxide, SO,, a white solid, is 
prepared by subjecting a mixture of SO; 
and O; to a silent electric discharge. In 
the gas phase, SO; consists of monomeric 
molecules; in the liquid state, it consists 
of a mixture of SO; and SOs molecules 
and perhaps others. 

With many metals, sulfur forms sul- 
fides. Among the more important are iron 
sulfide, FeS, a gold-colored, lustrous min- 
eral that proved the undoing of more than 
one prospector in the American West. 
Apart from its role as "fool's gold," pyrite 
(another name for the compound) is a 
source of mined sulfur. The element is 
obtained by roasting the mineral. 


SOLIDIFIED SULFUR—If sulfur is heated care- 
fully until it becomes a heavy liquid, and the 
liquid is cooled quickly, another form of the 


Other sulfides are brilliantly colored, 
and are used to make artist’s pigments, 
Cadmium sulfide, CdS, is a beautiful 
yellow-orange compound; arsenic disul- 


fide, As;Ss, is an intense red-brown. In 
the laboratory, hydrogen su!i:le, HS, 
with a smell like rotten eggs, is - valuable 
tool in qualitative analysis. »rovides 
a ready source of sulfur th in turn, 
forms sulfides with other elen ts, Gen- 
erally, from the color of sulfide 
created, the original, unkno lement 
can be determined. In the e way, 
many elements can be rule in HS 
determinations. 

In organic chemistry, the f sulfur 
compounds includes the m« ins, the 
most malodorous substanc: »mmonly 
encountered. For example ks occa- 
sionally make their presence nown by 
means of these organo-sulfur «bstances. 
On the positive side, onion rlic, and 
horseradish owe their distinc: ve aromas 
and flavors to mercaptans. 

In the manufacture of : r, sulfur 
plays the important role of i ising the 
element appears. In this illustr: the solidi- 
fied liquid, called amorphous is seen 
immediately after cooling on à plate. 
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JR — Another modification of 
is seen in this illustration. 


PLASTIC 
sulfur's s 


elasticity hermal resistance to break- 
down by process of vulcanization. 
Thanks t fur, mankind now has phar- 
maceuti: uch as the penicillins and 
sulfa drugs to fight disease and infection. 
Certain insecticides contain sulfur com- 
pounds that aid in controlling infestation 


of crops. Many dyes are composed of 
organo-sulfur groups that add color to 
man’s world. 

A further major use is as a plant food. 
Sulfur and its compounds are used both 
as direct and indirect fertilizers. As in- 
direct fertilizers, sulfur and its com- 
Pounds have various functions, includ- 
ing the correction of alkali soils, reaction 
with soil constituents, and release of the 
nutritional elements. 


COMMERCIAL FORMS 
OF SULFUR 


Crude sulfur, or brimstone, on the United 
States market is 99.5 percent to 99.9 per- 


Here, the sulfur molecules have formed a 
polymeric chain. After a time, this form be- 


cent pure and free from arsenic, selenium, 
and tellurium. As shipped, it contains 
about 50 percent fines (finely crushed or 
powdered material) with lumps 8 in. or 
more in diameter. Italian sulfur is mar- 
keted in four grades known as best sec- 
onds, best thirds, good thirds, and cur- 
rent thirds and ranging in sulfur content 
from 99.5 percent down to 96.0 percent. 
Japanese sulfur is usually marketed in the 
form of cylindrical bars, each containing 
slightly more than one cubic foot of 99.8 
percent to 99.0 percent sulfur and weigh- 
ing 130 to 150 Ibs. 

Broken-rock brimstone is sublimed or 
refined sulfur broken and sold as a mix- 
ture of lumps and fines. It has uses sim- 
ilar to roll sulfur. 

Colloidal sulfur is sulfur in such small 
particles that it remains suspended in 
water. Colloidal sulfur may be prepared 
by intensive grinding but is usually pre- 
pared by chemical means. 

Commercial flour sulfur is produced by 


comes hard and brittle, similar to the "solidi- 
fied" modification. 


grinding crude sulfur. Its fineness is 50 
percent to 99 percent through a 200-mesh 
or 99 percent through a 300-mesh sieve. 
It is used in vulcanizing rubber, in dyes, 
gunpowder, and insecticides. 

Flowers of sulfur (Illustration 4) is 
sulfur refined by sublimation. It is used 
in chemicals, in vulcanizing rubber, in 
insecticides, fungicides, and pharmaceu- 
ticals (especially after washing with am- 
monia to remove all traces of acid). 

Lac sulfur, precipitated from poly- 
sulfide solutions by sulfuric acid, contains 
up to 45 percent calcium sulfate. Its uses 
are mainly pharmaceutical. 

Precipitated sulfur is precipitated from 
polysulfide solution by hydrochloric acid 
and is washed free of calcium chloride. 
Its uses are mainly pharmaceutical. 

Roll sulfur is refined sulfur cast into 
convenient sizes, and is also known as 
stick or cannor sulfur. Its uses are chem- 
ical, burning for curing, fumigating, and 
preserving or bleaching effects. 
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GOLD | the metal with a fascinating history 


Gold—known to the chemist as Au—may 
have been the first metal recognized and 
sought by primitive man. The allure and 
legendary fascination of gold is apparent 
throughout recorded history, which the 
bright yellow metal helped to shape. In 
recent times the lure of gold has set off 
gold rushes, such as those in California in 
1849 and in the Yukon Territory of Can- 
ada in 1897. 

Gold is both rare and valuable. It is 
rare in that the crust of the Earth con- 
tains less of it than of many other heavy 
metals with an atomic number near that 
of gold, 79. It is valuable because it does 
not oxidize in the air, even at high tem- 
peratures, and because common acids do 
not attack it. When it has been polished, 
it stays shiny indefinitely. Gold was first 
used for jewelry, then for coins, and later 
as a base to insure the convertibility of 
currencies in circulation. Gold also has 
wide-ranging technical applications. 


GOLD IN NATURE 


Gold is found naturally in lode (pri- 
mary) deposits and placer (secondary) 
deposits that sometimes contain as much 
as 15 percent or more silver. Gold also 
occurs in deposits with copper and tellu- 
rium and is produced as a by-product of 
the refining of these elements. In lode de- 
posits, gold is embedded in the quartz 
present in volcanic or metamorphic rocks. 
In placer deposits, gold dust or nuggets 
are found in sand that has been worn off 
rocks and carried away by rivers or 
streams. Both types of deposits are com- 
mercially important. Among the largest 
producers of gold are the Republic of 
South Africa, the Soviet Union, Canada, 
the United States, and Australia. In an- 
cient times, gold was extracted from de- 
posits in Nubia, Asia Minor, and India. 
The Romans imported gold from the 
Iberian peninsula. Between Biella and 
Ivrea in northwest Italy are the remains 
of a huge gold mine in which a decree of 
the time banned contractors from em- 
ploying more than 5,000 slaves at one 
time. More than half of the world’s gold 
production now comes from the Republic 
of South Africa. 


THE USES OF GOLD 


Gold has been used to coin money since 


ancient times. When the money in circu- 
lation increased above the amount of 
gold available for new coinage, it became 
necessary to turn first to other metals and 
later to paper, guaranteeing the value of 


NATIVE GOLD—Gold is found naturally in the 
form of thin layers of varying thickness (as 
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GOLD INGOT—The final stage of gold extrac- 
tion and refining is the ingot, which is cast in 
a clay mold. An ingot usually weighs about 
70 kg (about 155 Ib) but occupies little space 
(about 3 liters or about 185 in.*) because it 
has a high density. The ingot shown is crude 
and would undergo further working. Ingots in 
the gold reserves are more highly refined in 
general and have a smoother surface. Banks 
sell small ingots for hoarding. A completed 
ingot is covered with a varnish, which can- 
not be removed unless removed completely, 
and is stamped with seals. When sealed gold 
of this kind is traded, the ingot does not have 
to be weighed again because its weight and 
purity are guaranteed by the issuing bank. 


2 


such currency by a gold backing. Most 
of the gold was put into a monetary re- 
serve, where its value depend ecisely 
on not using it except as a mean: to settle 
monetary debts between nati: 


shown here), as fine dust, or in n 
is widely dispersed in the Eart 


GOLD SEAM—A particularly ri 
gold-bearing quartz in a Transvaa 

Seams cover a vast area and repr: 
Sive reserve of the valuable me! 
one of the first to attract man's 


ON 
A: LE ee 


MXTRACTION OF GOLD-BEARING QUARTZ— 
DATE bore into gold-bearing quartz with a 
umatic drill. The hole is filled with an ex- 


which, when detonated, breaks off a 
ount of material in very small frag- 
eries of the mines in the Trans- 


plosive 
large am 
ments. The gall 


vaal stretch for hundreds of miles. The deepest 
goes down 3,000 m (about 2 mi), the deepest 
man has penetrated into the Earth. 
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CRUSHING MILLS—The gold-bearing quartz, 
extracted in small fragments from the mines, 
is sent to crushing mills, where steel balls 
operating under water reduce the ore to a 
mush. The small particles of gold in the quartz 
are thus freed and left suspended in the mush. 


genter tert 


CYANIDING—The mush, which has been 
passed across plates of amalgamated copper, 
still contains recoverable gold. Illustration 6a 
and 6b show the mush after amalgamation, 
when it is concentrated and then passed on 
to the tanks for cyaniding. In this process, the 
mush Is treated with large quantities of a very 
dilute, water solution of sodium cyanide. The 
sodium cyanide attacks the gold, turning it into 
a complex solution by the reaction: 


a 


Illustration 5 shows a crushing mill just after 
it has been filled with water. After the crush- 
ing process, the water takes on a grayish 
color because of the mush that has been 
formed. The product of the crushing mills is 
then separated by an amalgamation technique. 


4Au + 8NaCN + 2H,0 + O: 
— 4NaAu(CN), + 4NaOH. 
The reaction is initiated by the oxygen dis- 
solved in the water, and the reaction takes 
place rapidly. The result is the formation of a 
solution of double cyanide of sodium and gold, 
from which it is possible to precipitate gold 
through the use of metallic zinc: 
2NaAu(CN); + Zn 
— 2Au + Na;Zn (CN),. 


b 


EXTRACTION BY AMALGAMATION-—Illustra. 
tion 7a shows the quartzite ready to be sepa. 
rated from the metal. This system is used to 
treat quartzites with at least 10 g of gold per 
ton. Gold is extracted from lode osits with 
a content as low as 3 g per ton 


contains 
is to be 
s out all 
n silver, 
jartation. 
forms an 
nd one- 
artation. 
particular 


The gold precipitated in thi 
other metals as impurities a 
further purified. Cupellation sep 
the remaining impurities, apa 
which is removed by the proces 
Silver is added to the gold un 
alloy that is three-quarters si 
quarter gold—hence the nar 
Nitric and sulfuric acids attack 
alloy, leaving a pure gold resid 


In Illustration 7b, the ground mush is pushed of the musi 

across plates of amalgamated copper (cop- anaiga ind poets pir Viris 
per alloyed with mercury) by a screw-shaped plates are taken out of the enl and ria 
pump. The mercury in the amalgam is alloyed amalgam is scraped off the surface. The a Ux 
with most of the gold present in the mush. gam is then heated so that the coded 


The process reuulres some time because all rates and the gold is recovered. carat gold is 18/24 gold, or 750 parts in 


1,000. Gold alloyed with copper produces 
red gold; with silver, yellow gold; and 
with nickel, platinum, or certain other 
metals, white gold. 

A large amount of gold, usually in the 
form of an alloy, is used for jewelry. Gold 
has technological uses that utilize its 
chemical stability. Large amounts are 
used for dental fillings and for gilding, 
whether as decoration or to protect other 
materials from corrosion. Because gold 
has high conductivity (although not as 
high as copper or silver), gold plating is 
widely employed in the field of electron- 
ics, where it is used for the terminals of 
transistors and microcircuits. Such ter- 
minals require perfect electronic contact, 
even at low voltages. 

Gold is valuable as a component in a 
wide range of equipment because it is 
malleable—gold leaf can be made thinner 
than 0.001 mm (about 0.00004 in.). Be- 
cause of its lower cost, gold is often used 
in place of platinum where an inert metal 
is required, even though gold is less inert 
than platinum. 


CHEMICAL PROPERTIES 


Gold is not attacked by acids except for 
certain mixtures of nitric and hydro- 
chloric acid, iodic acid, and selenic acid. 
It is also attacked by cyanides in the 
presence of oxygen in water solution. 
Gold keeps its brilliant sheen because 
oxygen does not attack gold even when 
the surrounding air is hot. 

The metal behaves monovalently or 
trivalently; thus there are two series 
of gold compounds, aurous and auric. 
The most important compound in the 
aurous series is sodium aurocyanide, 
NaAu(CN)s. Aurous chloride, sulfide, 
iodide, and fluoride are also known. The 
best-known compounds of the auric se- 
ries are the chloride, AuCl,:2H;0; the 
oxide; the hydrate; and the sulfide. 

Gold can be analyzed by precipitating 
the metal from its compounds through 
reduction. To determine the gold con- 
tent of alloys containing silver, copper, 
and nickel, the alloy may be rubbed on a 
flint. The trace of metal left on the flint 
is then treated with nitric acid, which 
dissolves the other metals but leaves the 
gold intact. Comparing this trace with 
from 0 to 24. Pure gold is traces of alloys with known gold content 
Purposes of coinage by alloying it with 24-carat gold; the grade of the alloy ex- completes the analysis. Modern methods 
other metals, although some pure gold pressed in carats represents the amount of gold analysis include spectroscopic 
coin has been minted. The amount of ofthe metal expressed in 24ths. Eighteen- and x-ray fluorescence techniques. 


me OF WASTE MATERIAL—The landscape has been extracted. These hills can be seen 
the Transvaal is characterized by the shape just outside Johannesburg, a city under which 


of the hills of crushed rock from which gold are many mine galleries. 


alloy is expressed in carats in 


T Because gold is a soft metal similar to gold in an 
n and copper, it is hardened for the a range of 
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BORON 


In Death Valley, California, a bright and 
scorching sun beats down on vast areas 
that reflect a dazzling white. Rich in 
history, the valley takes its name from 
the fate of a party of “Forty-niners” who 
perished there; but it is even richer in 
minerals—particularly the white salts 
that are a major source of an important 
element: boron. 

In the periodic table of elements, boron 
is the lightest member of the third group. 
It has chemical properties similar to 
those of aluminum, indium, and thallium 
(also in the third group), and special 
properties that it has in common with 
silicon in the fourth group. Boron has a 
minimum specific gravity of 2.34 and its 
melting and boiling points, above 2,200° 
C (3,992° F), are much higher than those 
of other elements in the third group. 


BORON IN NATURE 


There are about 70 minerals in which 
boron is found, but only a few of these 
minerals are important for the extraction 
and exploitation of the element. Boron 
appears most frequently in borax (tin- 
cal), NayB,O;- 10H20; natural boric 
acid (sassolite), HsBOs, and in coleman- 
ite, Ca,B,O,, * 5H3O. Boric acid, which 
is widely used as a disinfectant for the 
eyes, is found mixed in the water vapor of 
volcanic fumes. The presence of boron 
(SE RR LE 
BORON—This amorphous, dark-colored form 


of boron is produced by reducing boric oxide 
with aluminum dust. 


1 


an element in a white cast 


COLEMANITE—This is a prismatic, mono- 
clinic mineral with the formula, Ca,B,0,, + 
5H.0. One of the most important minerals for 


in many other minerals is of interest only 
as a curiosity and as a reason for study- 
ing its geochemical behavior. For ex- 
ample, minute quantities of boron are 
found in tourmaline and seawater. 


DISCOVERY AND PROPERTIES 


Boron was first isolated by Sir Humphry 
Davy and, independently, by Gay-Lussac 
and Thénard in 1808. In both cases, the 
new element was isolated by heating 
boric oxide (boric anhydride), B,O,, 
with metallic potassium. There are prac- 
tically no applications for boron in its 
elementary state because of its high af- 
finity for oxygen. Boron melts at 2,300° C 
(4,172? F) and, if heated further at ordi- 
nary pressure, will not boil because it 
sublimes long before reaching the boil- 
ing point. At 2,550? C (4,622° F) it sub- 
limes so quickly that it is used up al- 
most immediately. 

Boron has two stable isotopes that 
absorb neutrons differently; in particular, 
the isotope of mass 10 has the greatest 
absorption of neutrons. Adding boron 
to the material in a nuclear reactor will 
stop the reaction; the graphite used to 


the extraction of boron, colem is found 
in great abundance in Californi eath Val- 
ley and in Nevada. 

control neutrons requires | an one 
part of boron for every 10 : m parts 
of carbon. Boron is present raphite 
as a carbide that melts well e 2,400? 
C (4,352? F) and only sul ; above 
3,500* C (6,332? F). It is i: sible to 
eliminate boron by heating ich vol- 
atilizes most impurities. 

Elementary boron can be isolated by 
heating the chloride, BCls, at 1,100 to 
1,200* C (2,012 to 2,192? F) in the pres- 
ence of hydrogen, which separates the 
chlorine from the molecule. It is also 
isolated from the anhydride by using 


oxygen-hungry reducer elements, such 
as magnesium and aluminum, by a proc- 
ess similar to the heat treatment of alum- 
inum or calcium. Boron is almost ex- 
clusively trivalent and forms various 
compounds with hydrogen, carbon, oxy- 
gen, and other elements. 

It also shows a very marked affinity for 
the halogens; with them, boron forms 
compounds made up of molecules with 
a planar structure in which the very small 
B**, which has an ion radius of 0.20A, 
is surrounded by three Cl- spheres 
Whose ion radius is about nine times 
greater (181A). The combination of 


boron wit; the halogens takes place 
spontanec through a very lively com- 
bustion re ;n. The fluoride is gaseous 
and catal various organic reactions, 
including :tion and polymerization. 
Boron hy and lithium undergo a 
double « re reaction that leads to 
the form of a cyclic compound, 
diborane caction is as follows: 
BF; 4 BH,  3LiF + 2B:H,. 

The b ompound, boron nitride 
(BN), w! s almost as hard as dia- 
mond, is -d by direct combination 
of the ek It has a very high melt- 
ing point is an excellent electrical 
and theri nsulator; at ordinary tem- 
peratures is a hexagonal structure 
rather lil of graphite. But at very 
high tem ures and pressures, the 
3 


BORON TRICHLORIDE—The small boron ion 
is surrounded by three halogen ions. All boron 
halogenides have a planar structure. 


structure of boron nitride is transformed 
into a cubic modification in which the 
atoms are closer together. It is in this 
modification that boron nitride becomes 
hard as diamond. But whereas boron ni- 
tride is stable at low temperatures and 
pressures, diamond turns into graphite 
as the temperature increases. 

Boron, which has a high degree of af- 
finity for water, decomposes in water at 
high temperatures and links up with oxy- 
gen. The fundamental oxygenated com- 
pound is boric anhydride, BsOs, a glassy- 


looking hygroscopic substance from 
which various acids are derived, such as 
orthoboric acid, HBO (also called 
boric acid or sassolite), which crystallizes 
into white, lustrous scales with a low 
solubility in water, about 3 percent at 
20°C (68°F). Boric acid distills with 
water vapor, which explains why it is 
found in the superheated vapor of the 
Tuscan steam jets from which it is ex- 
tracted. At 100°C (212? F), orthoboric 
acid loses one water molecule to give 
metaboric acid; and at 140° C (284° F), 
it changes into tetraboric acid according 
to the following reactions: 


100° 
HBO; ——> H:O + HBO»; 


140° 
4H,BO; —> 5H20 + H2B,0;. 


SCALES OF BORIC ACID—Boric acid, H3BO;, 
is only moderately soluble and crystallizes 
into translucent scales. 


Borax is the sodium salt of tetraboric 
acid with the formula Na2B,O; * 10H;O. 
The large quantity of crystallization 
water is lost when heat is applied. At 
80? C (176? F) it drops to only 5 water 
molecules, and at still higher tempera- 
tures it disappears altogether. The salt 
dissolves in the crystallization water and, 
when this evaporates away with the in- 
creasing temperature, the salt melts and 
breaks into 2NaBO: and BzOs. The boric 
oxide formed in this way dissolves the 
metallic oxides; it is, therefore, used to 


clean the metal surfaces in autogenous 
welding or silver soldering. 

Pure, molten borax is a transparent 
white. But if ions of other elements are 
added, the borax takes on colors that are 
so intense that the substances dissolved 
in the borax can often be recognized 
with certainty. Borax is widely used in 
the glass industry as a flux for quartz. 
Glass is made up principally of silicon 
dioxide (quartz), whose melting point is 
very high, about 2,000° C (3,632° F). An 
addition of borax lowers this melting 
point, turning the mixture into a sub- 
stance that melts above the temperature 
of 800-850* C (1,472-1,562° F). At this 
temperature, the mixture is so viscous 
that it behaves much like a solid. Because 
borax mixes easily with glass and ceramic 
substances, lowering their melting point 
to a desired level, it is also useful for pre- 
paring enamels—kinds of glass with a low 
melting point that have been mixed with 
ceramic substances and are used to pro- 
tect metals from corrosion. If these sub- 
stances are to stick to the metal after 
cooling, both metal and enamel must 
have the same coefficient of expansion. 

An important oxygenated compound of 
boron is sodium metaperborate, whose 
formula is NaBOs: H202 : 3HO. This 
compound is stable when solid; but if 
dissolved in water and heated slightly, 
the molecules of sodium metaperborate 
release hydrogen peroxide. This prop- 
erty makes sodium metaperborate useful 
as a bleach in many preparations, espe- 
cially in laundry detergents. 


THE CYCLIC COMPOUNDS 


Boron combines with hydrogen to form 
a series of compounds that are called 
boranes or boron hydrides. The most im- 
portant of the boranes is the first term, 
diborane, which has the formula, B3H,. 
As the number of boron atoms in the 
series grows, the melting and boiling 
points rise as in hydrocarbons. Heating 
the solid compound, BH;: NHs, pro- 
duces a liquid, BNsHe, called borazole. 
It has a structure similar to that of ben- 
zene. As with the analogous aromatic hy- 
drocarbon, borazole dissolves fats easily. 
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CEAD 


The history of lead (Pb) goes back to 
early antiquity. It is mentioned in the 
Bible, in the Song of Moses (Exod. 
15:10): “Thy spirit blew, and the sea 
overwhelmed them; they sank like lead 
in the turbulent waters.” The early Ro- 
mans were expert at working lead, using 
it to make water pipes and the standards 
bearing their military insignia, 

Despite its long history, the element 
lead came into common usage only after 
the growth of industry, especially reach- 
ing its stride in the twentieth century. It 
is ranked—after iron, aluminum, copper, 
and zinc—among the metals most widely 
used today. The chief producers of lead 
are the United States, Canada, Australia, 
Mexico, and Peru. In its natural state, 


GALENA, THE MOST IMPORTANT LEAD 
ORE—The most common lead-bearing ore is 
galena (PbS), a lead sulfide (Illustration 1a) 
that has many valuable properties. It is a 
semiconductor—a substance having an elec- 
trical conductivity quotient halfway between 
that of metals and that of insulating materials. 
When properly treated, galena can be used 
to rectify alternating electric current; that is, 
if the voltage is not too high, galena will allow 
the current to pass through in one direction 
only. Because of this property, galena was 
once used in radio receivers to demodulate 
Hertzian waves. Galena has a very high spe- 
cific gravity: about 7.5. In thick layers, it is 
Opaque to ordinary light, and transparent to in- 
frared rays; in thin layers, it is transparent to 
ordinary light and has a high Index of refrac- 
tion: 3.9—higher than that of most known sub- 
stances. When purified and used to strengthen 
glass, galena provides a high index of re- 
fraction and a high specific gravity. Glass 
reinforced with large quantities of galena is 
used as a shield against nuclear radiation, 
particularly gamma radiation. 

Other important lead-bearing ores are angle- 
site (PbSO,, Illustration 1d) and cerussite 
(PbO, Illustration 1h). Rare lead-bearing min- 
erals are crocoite (Illustration 1b); phosgenite 
(Illustration 1c), wulfenite (Illustration 1e), 
bournonite (Illustration 1f), and meneghinite, 
shown crystallized with sphalerite (Illustra- 
tion 1g). 


one of man's first metals 


lead occurs as a minor component in 
dolomite and limestone. Deposits of 
other metals, such as copper, silver, zinc, 
and gold, occasionally contain lead. 


PRODUCING LEAD 
FROM GALENA 


The most common lead ore is galena, or 
lead sulfide. In extracting lead from 
galena, the sulfur must first be removed 
from the galena. In this process, it is es- 
sential either that the sulfur combine 
with oxygen or that the lead be oxidized, 
then reduced successively. Thus, there 
are two basic processes: the first is called 
roasting; the second is known as the 
roasting-and-reduction process. The first 


is similar to that used in ext 
from pyrites, in which the . 
actions involved are: 
2PbS + 30; > 2PbO 
PbS + 20. — PbSt 

These reactions take plac 
ature below 700? C (1,292° | 
temperatures, up to abo 
(1,832° F), coke (carbon) « 
to reduce the roasting prot 
mental lead. Both operations 
same reaction chamber. 

The second phase—redu 
complished with coke and i 
very economical, The addit 
transforms the sulfate into | 
2PbSO, + 2Si0.— 2PbSiO, 


Chalk and coke are added lat: 


ting iron 
nical re- 


Oz 


temper- 
\t higher 
1,000° C 
e added 
s to ele- 
ur in the 


i-is ac- 
herefore, 
of silica 
silicate: 
Ost Os. 
The coke 


is partially oxidized and forms carbon 


monoxide, which then reduces the lead 
oxide and the silicate: 
-CO>Pb+COz 


P 
PbSiO,+CO:+ CaO>Pb+CaSiO;+COr. 


A third »-ocess—precipitation—con- 
sists of treatin: the lead sulfide with iron 
oxide anc in a blast furnace. The 
carbon red: the iron, which then re- 
moves th: ur from the galena and 
leaves the in its elemental state: 


P 'e > Pb + FeS. 


These t traction processes act in 
a similar m other minerals found 
with gale: nerals that cannot be 
completely ted from galena during 
pulverizati hus, the lead produced 
contains ir es that may themselves 
be valuab|: se impurities are copper, 
antimony, ic, and bismuth. Silver 
may also by sent. 

Lead is ı purified by smelting, 


Which separates from it many impurities 
in the form of solid residues, which are 
oxidized and removed. In some cases the 
major component of the slag is antimony, 
and because this metal forms a useful 
lead alloy it is often left in the extracted 
metal. A very pure type of lead can be 
produced by electrolysis. 


CHEMICAL PROPERTIES 


The valence of lead is +2 or +4; there- 
fore, two series of compounds exist: 
plumbous and plumbic. Solutions of lead 
salts, when treated with a strong base, 
cause lead hydroxide Pb( OH): to pre- 
cipitate; lead hydroxide has a slightly 
alkaline reaction. 

In addition to litharge (lead monox- 
ide) and red lead, another type of lead 
oxide, the dioxide PbO», has a slightly 
acid reaction. Halides are commonly 


found among lead salts and include chlo- 
ride (PbCl;); basic chloride (PbCl + 
7PbO), which is used in paint as Cassel 
yellow; lead tetrachloride (PbCl,), and 
plumbate chlorines. The fluoride and io- 
dide, which have limited uses, are also in 
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THE USES OF LEAD—Lead is used in alloy 
form as well as in its elemental metallic state. 
A 15-25 percent antimony content in lead gives 
it considerable hardness. This alloy has a low 
melting point and lends itself well to the manu- 
facture of type (Illustrations 2a, 2b). 

The manufacture of battery plates (Illustra- 
tion 2c) accounts for much of the world’s 
consumption of lead. Although batteries can 
be made with other metals, lead is widely 
used because it is so economical. 

Lead compounds have many uses. Pow- 
dered litharge (PbO, Illustration 2d) is used 
in glassmaking, ceramics, pharmaceuticals, 
and adhesive plasters. Also important is 
saline oxide, or red lead (Pb;O,), used espe- 
cially in manufacturing antirust paints. Red 
lead also assists drying, especially if the 
paint base is linseed oil; and most structural 
iron parts, as in building and bridges, are 
covered with a coat of red lead before paint 
is applied. 

Another useful lead compound is basic lead 
carbonate, or white lead, a white powder once 


2g 


widely used as an ingredient in paint because 
of its excellent covering properties. Due to 
the hazard of poisoning, however, the use of 
lead carbonate has become limited. In time, 
white lead paint darkens as traces of lead 
sulfide form within it. Many old paintings 
were executed with white lead paint and have 
darkened with age; such paintings must be 
treated to restore their original colors. The 
presence of white lead in a painting can be 
confirmed by x-rays. Modern copies of old 
masters are usually painted with organic or 
inorganic lead-free pigments. 

Because of its exceptional hardness, lead- 
arsenic alloy is used in the manufacture of 
shot (Illustration 2e). Lead is also used to add 
weight to artillery projectiles because its high 
density assures greater powers of penetration 
and low air resistance. 

Lead shields help guard against nuclear 
radiation and X-rays. All types of radiography 
equipment contain lead shielding; moreover, 
the operator’s hands and body are protected 
by rubber clothing reinforced with lead (Illus- 


trations 2f, 2g). Radioactive substances are 
manipulated behind shields built of | bricks 
(Illustration 2h shows the lead-linec door of 
a nuclear reactor). 

Because it is so soft, lead is widely 
used in the manufacture of pipes ( iration 
2i). Lead pipe is often used in h and 


industrial applications, where pip: ist be 
bent and twisted continually. Such s pre- 
sent no problem in carrying sewe er, but 
drinking water tends to dissolve t! "cause 
lead is soluble in water having w salt 
content. Rainwater, for example. it only 
poor in salts, but is rich in oxygen carbon 
dioxide, which again increase th )lubility 
of lead. If the water comes fro spring, 
thereby having a high carbonate sulfate 
content, lead pipes develop a pro e coat- 
ing of basic lead carbonate sulfate, 
which prevents the lead from dis 1g. And 
finally, pure lead is used as ath for 
electric cables, although these ar: ) grad- 


ually replaced by plastic material 
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ELECTRON CONFIGURATION, ABUNDANCE 
IN THE EARTH'S CRUST, MELTING AND 
BOILING POINTS, DENSITY, STABLE AND 
UNSTABLE ISOTOPES OF LEAD 


Melting and 
boiling points 
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=272° 
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evidence. Halogen compounds are less 
soluble in cold water with the increased 
atomic number of halogen chemically 
combined with lead. Other lead salts are 
the sulfate, nitrate, and carbonate, or 
white lead. Lead acetate, Pb(C2H3O2)2, 
is produced by dissolving lead oxide in 
acetic acid, forming sweet-tasting crys- 
tals known as “sugar of lead"—a deadly 
poison, 

All lead compounds—and lead itself— 
are highly poisonous. Lead poisoning is 
known as “saturnism,” after the planet 
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Saturn, which was associated with lead 
in alchemy and astrology. Lead poisons 
slowly and cumulatively; even the small- 
est quantity consumed will consolidate 
with any lead already in the body. Addi- 
tional doses eventually cause death. In- 
dustries using lead avoid chronic lead 
poisoning by alternating employees who 
handle the metal. Lead is poisonous in 
contact with food, or even with sub- 
stances like toothpaste that are swal- 
lowed (lead was at one time present in 
an alloy used in the manufacture of 
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toothpaste tubes, a practice now illegal— 
as is the use of lead as a substitute for 
tin). Lead poisoning often occurs acci- 
dentally in young children who ingest 
lead-containing paint from furniture, 
woodwork, or toys. 

Two important organic compounds of 
lead are tetraethyl lead Pb(C2H;)4 and 
tetramethyl lead Pb(CH;), Both are 
used as gasoline additives because of 
their antiknock properties; these com- 
pounds have specific gravities of 1.625 
and 1.995, respectively. 
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silver nitrate is used; the silver to be re. 
fined acts as the anode, while the cathode 
is a thin plate of pure silver. During 
electrolysis the silver on the anode dis. 
solves and is redeposited on the cathode, 
Impurities such as copper are left in the 
solution, while gold and platinum pre- 


the metal that makes 
photography possible 


SILVER | 


The element silver (Ag), though dis- 
covered after gold, has been known to 


Mexico, the United States, Canada, 
Peru, the U.S.S.R., and Australia have 


man since ancient times. Silver orna- 
ments have been found in ancient Ibe- 
rian tombs dating from the Bronze Age. 


ORNAMENTS AND COINS—Silver has been 
used since ancient times to make ornaments 
(Illustration 1a) and coins. The coins shown 
date from 281-238 B.C. (1b, Magna Graecia; 
reverse side, 1c); 290-240 B.C. (1d, 1e, Roman 
Republic); and 89-54 B.C. (1f, 1g, Roman Re- 
public). 


In its native state, silver is found in 
moderate quantities in Spain, Iran, Mex- 
ico, India, and China. The silver mines 
in Nubia and Ethiopia were well known 
to the ancient Egyptians, and those in 
Asia Minor, Attica, and Spain were 
heavily exploited during the Greco- 
Roman period. After the discovery of 
America, the Spanish colonies in Central 
and South America sent large quantities 
of silver to Spain and Europe. 

Native silver is found in cubic crystals 
generally forming dendritic aggregates 
or fibrous masses. Silver ores are almost 
always found close to copper, gold, mer- 
cury, and lead ores. The most important 
silver ores are argentite ( AgS), pyrar- 
gyrite (AgSbS;), proustite ( AgAsS;), 
and silver chloride ( AgCl), which is also 
called horn silver or cerargyrite. 


produced the greatest quantities of silver 
in recent times. 


EXTRACTION AND REFINING 


Only one-fifth of the silver produced 


cipitate as anode slime. 


PHYSICAL PROPERTIES 
AND USES 


comes from silver ores; most silver is Silver is a bright, white 1 il second 
obtained as a by-product of copper and only to gold in ductility and ~ \lleability, 
lead mining. Galena (PbS) contains up Of all elements, it is the b onductor 

to 1 percent silver. Special processes are of electricity and heat, althe the high 
used to extract silver from silver-bearing cost of silver precludes wid ;loitation 
lead; one widely used extraction process of these properties. One : ie noble 

is the Parkes method, which is based on metals, silver does not : rgo any 
distributing a solute between two fairly change in the presence o!  vgen, al. 
unmixable solvents. Lead and zinc are though it tarnishes when in. tact with 
mutually insoluble at temperatures be- air. This is because traces hydrogen 
low 400° C (about 750° F), whilesilveris sulfide attack it, forming a k film of 
much more soluble in molten zinc than silver sulfide (AgeS). 

in molten lead; it can thus be extracted Silver is used to make pl: xpensive 
from lead after being smelted with zinc. tableware, and coins. It is used in | 
A mixture of silver-bearing lead is its pure form because it is soft, but | 
smelted after 2 percent of zinc is added. when alloyed with coppe: becomes | 
The molten mass is stirred until the very hard-wearing. Silver loys are | 
liquid zinc containing all the molten named according to the p of silver 
silver and little of the molten lead col- contained in a thousand s of the 
lects on the surface. The zinc and silver alloy. Silver is also used t jat other 


are then skimmed off and subjected to 
electrolysis, using the silver as an anode. 
During electrolysis, zinc is deposited on 
the cathode while the anode is being 
consumed and the slime containing lead 
and silver (70-80 percent) is deposited 
on the bottom of the cell. This mass is 
then tested or assayed in a cupel. The 
process consists of enriching the mixture 
with Pb-Ag and smelting it in a rever- 
beratory furnace, the bottom of which is 
porous. A current of air is introduced 
during smelting to oxidize all the lead 
into litharge (PbO), part of which is 
then removed and part absorbed by the 
porous bottom of the furnace. The silver 
left in the cupel is 95-98 percent pure. 
Another way to separate the zinc-silver 
alloy is through distillation. The more 
volatile zinc is distilled off, leaving the 
silver. 

Another extraction process is the amal- 
gamation process, used to recover silver 
from the anode slime left over in copper 
refining. The impure silver contained in 
this slime is treated with mercury to sep- 
arate it from the other elements by dis- 
solving it and forming an amalgam. The 
amalgam is then distilled in iron retorts 
to separate the more volatile mercury 
from the silver, which is left clinging to 
the iron. 

Silver is refined by electrolysis. A cell 
containing a solution of nitric acid and 


less noble metals (silver plate); silver- 
plating may take place in a galvanic 
cell, using the object to be plated as 
the cathode, a sheet of silver as the 
anode, and a solution of a complex silver 
salt, such as potassium argentocyanide, 
K[Ag(CN) 1]. as the electrolyte. Chem- 
ical silver-plating is accomplished by 
ia solutions of silver 


treating an 

salts, whic us contain the complex 
ion [Ag(NI |*, with mild reducing 
agents suc! slucose. In this way, a 
compact la silver is gradually de- 
posited. 

CHEMIC^ )PERTIES 

Because si! ne of the noble metals, 
it does not e in nonoxidizing acids 
such as hyd ric acid (HCL). It does 
dissolve, hc in oxidizing acids such 
as nitric à: NOs) and in so doing 
gives off n ipor. 

Silver is leventh element in the 
second lon ;d; it has ten electrons 
in the pen te level (4d) and one 
electron in st level (5s). Its chem- 
istry depen ı this electronic configu- 
ration, Its il valence state is +1, 
due to the the 5s electron; in most 
of its com] silver exists as the ion 
Ag+. Und: ily oxidizing conditions, 
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GALVANIC SILVER-PLATING BATH—Silver is 
often used to coat less noble metals; this 
process is called silver-plating and can be 
carried out in a galvanic cell (Illustration 3a). 
The central bar is the cathode and the object 
to be plated is attached to it with copper 
plates, which ensure contact. Sheets of metal- 
lic silver act as the anode, and are hung from 
the two sides of the cell. A solution of a com- 
plex silver salt is used as the electrolyte. Illus- 
tration 3b shows a cupel furnace, a reverbera- 
tory furnace used to purify silver. 


NATIVE SILVER AND ITS ORES— Native silver 
(Illustration 2a) is generally found in nature in 
the form of laminar or arborescent crystalline 
aggregates. When combined with other ele- 
ments, it is found in argentite (Ag;S), which 
forms large cubic crystals (Illustration 2b), and 
in pyrargyrite (2c) and proustite (2d), which 
are double sulfides with the formulas AgSbS; 
and AgAsS;. In proustite the crystals are red 
in color and adamantine bright, explaining 
why miners often give the name of red silver 
to mixtures of the two ores. 


compounds have been produced in which 
silver has valence states of +2 and +3, 
which involve the loss of one or two 4d 
electrons. 

Because it is a transition element, sil- 
ver can produce complex ions such as 
[Ag(NHs)2]*+, [Ag(CN):2]7, [AgCh]", 
[Ag(S2Os)2]-®. These ions are colorless 
and easily soluble, and are often used to 
make the silver contained in insoluble 
salts complex. 

Silver compounds include silver oxide 
(Ag;O), which is obtained by treating 
solutions of silver salts with bases, and 
silver nitrate (AgNOs), which is ob- 
tained by dissolving the metal in nitric 
acid. One of the few highly soluble sil- 
ver salts, silver nitrate is used in a 1 per- 
cent solution as an eyewash and as a 
caustic agent when fused with a small 
amount of KNO;; in the latter case it is 
sometimes called lunar caustic. Other 
compounds are silver nitride (AgsN) and 
silver fulminate (AgONC), both explo- 
sives. 

All silver halides are sensitive to light: 
silver fluoride (AgF) is soluble and 
stable; silver chloride (AgCI), silver bro- 
mide (AgBr), and silver iodide (AgI) 
are insoluble and unstable to light. Silver 
chloride (AgCl) is white; silver bromide, 
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yellowish; and silver iodide, yellow. Sil- 


ver bromide is used in the manufacture 
of photographic emulsions. 

The presence of silver in an ore or a 
solution (obtained by dissolving the ore) 
is detected by precipitating one of its 
salts and looking for the characteristic 
color—such as white in the case of silver 
chloride, black for silver sulfide, red for 
silver chromate, and yellow for silver 
phosphate. 


PHOTOGRAPHIC PROCESSES 


Film is manufactured by coating a trans- 
parent base, usually cellulose acetate, 
with gelatin containing silver bromide 
dispersed into very fine grains. When the 
film is exposed to light, the silver bro- 
mide goes through a process of reduction 
(or sensitization) to metallic silver. The 
reduction is proportional to the amount 
of light striking the various parts of the 
film. The reductive process, begun by the 
light, is completed by immersing the 
film in solutions containing reducing 
substances (ferrous sulfate or hydroqui- 
none). This process, known as develop- 
ing, is followed by fixing, which cleans 
the plate of the unreduced halide that 
would in time decompose and cause the 
whole plate to darken. Fixing consists of 
immersing the plate in a bath of sodium 
thiosulfate (NasS2O3), usually called 
“hypo.” The thiosulfate ion dissolves the 
unreduced halide through the reaction 
AgBr + 2(S:03)2— — Ag(S20s)s8- + 
Br-. The result is a negative, an image in 
which the light areas of the object photo- 
graphed are dark (because they are rich 
in metallic silver grains) and the dark 
areas, light. When light is passed through 
the negative and onto another emulsion, 
which is then developed and fixed, the 
dark and light areas are reversed. The 
result is a positive image—the finished 
photograph. 

Films are being manufactured today 
that can be developed directly into posi- 
tives without processing the film a second 
time. Such films are called reversible, and 
their positives are called transparencies. 
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CHROMIUM | the element that fights rust 


Chromium, which is known primarily for 
its ability to prevent rust and corrosion, 
is also responsible for some of the most 
colorful compounds in chemistry. The 
element, number 24 in the periodic table, 
was discovered in 1797 by the French 
chemist N. L. Vauquelin and prepared 
in pure form the next year. Not until 
the twentieth century, however, was a 
method developed to produce chromium 
on an industrial scale. 

This bright metal is a major compo- 
nent of meteorites, accounting for 0.03 
percent of the Earth's crust. Its most im- 
portant ore is chromite or chrome iron, 
FeO : Cr¿Os. Among the major produc- 
ing areas are Republic of South Africa, 
Rhodesia, Cuba, and the Soviet Union. 
A less common but strikingly beautiful 
chrome ore is crocoite, PbCrO,. 

Chromium often replaces aluminum in 
its ores, although only in small amounts, 
because of the minute difference in radii 
of their respective trivalent ions. This 
difference, on the order of 0.10 A, allows 
replacement of some aluminum ions by 
chromium ions without a change in the 
crystal structure. Emerald, for example, 
is an intense green variety of the mineral 
beryl (3BeO:Al,O;-6SiO2), in which 
chromium replaces about 0.1 percent of 
the aluminum, Small as this percentage 
is, it is responsible for one of the world's 
most valued gems. The semiprecious aq- 
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uamarine is a less brightly colored variety 
of the same mineral. Chromium impuri- 
ties in aluminum oxide (corundum) ac- 
count for the red ruby. Rubies can be 
produced synthetically, and are used to 
produce the intense red beam of certain 
lasers. 

Both beryl and corundum are colorless; 
the beauty of the emerald and ruby is 
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CHROMITE CROCOITE—Chromite, 


AND 
FeO: Cr;O;, is the most common ore of chro- 
mium. Large deposits of chromite (Illustration 
1a) are mined in Republic of South Africa, 
Cuba, and the Soviet Union. Crocoite, a less 
common form, has brilliant red crystals, as 
shown in Illustration 1b. 


entirely due to chromium impurities. All 


chromium salts, in fact, are vibrantly 
colored, and the name of the element 
stems from chroma, the Greek word 


meaning color. 


OBTAINING CHROMIUM S 
PROPERTIES AND ALLOY 


The first step in producing mium is 
the removal of iron from « ite ore. 
The resulting chromic oxid Os, can 
then be reduced with coal i ‘lectrice 
furnace: 
CrO; + 3C > 2Cr 

Another, more efficient met employs 
aluminothermy, where the ium ob- 


tained is 99.7 percent pure 
Cr;O, + 2Al > Al,O : 


Aluminum is a powerful re ig agent, 


and, when finely divided ns vigor- 
ously to produce Al;O; whi! liberating 
intense heat. Temperature: he order 
of 2,000? C (about 3,630 can be 
reached, which aids the alu m in re- 
ducing the oxide to the netal. If 
the purity of the chromium t critical, 
reduction of chromite wit! | is suffi- 
cient. In this case, the re t ferrous 


chromium alloy may be u ectly in 
the production of special 


Chromium is a hard lustrous 


metal. | 


n it contains oxygen inclu- 


sions, h er, it becomes brittle. While 
extrem sistant to attack from atmo- 
spheric ts, it is soluble in both hydro- 
chloric sulfuric acids. Interestingly, 
it is ur ted by either hot or cold 
nitric Oxidizing acids, such as 
HNO), layer of insoluble oxide to 
form oi metal's surface, making it 
impervi« o further attack. 

Chror | is probably best known as 
a platir terial for other metals, both 
to deco: ind protect. In the plating 
process object to be plated is at- 
tached to the negative pole (cathode) in 
à direct-current circuit, and placed in a 
bath of chromic oxide and an acid. Be- 
cause chromium does not deposit in the 
absence of sulfates, sulfuric acid is used. 


When the electric current is turned on, 
the positive chromium ions in the solu- 
tion migrate to the negatively charged 
electrode where they bond as a metal 
layer. The finest chromium plating is 
achieved if the object to be plated is first 
treated with nickel. The layer of chro- 
mium deposited is so thin that the elec- 
troplating process is used to plate pre- 
Cision equipment components without 
altering their dimensions to any appre- 
ciable degree. 

In the steel industry, chromium plays a 
Special role. It has the ability to impart 
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strength and hardness to steels used for 
tools, engine parts, and ball bearings. 
Stainless and corrosion-resistant steels 
contain more than one percent chromium. 
Still other properties are manifested 
when chromium is used in combination 
with tungsten and nickel. Chrome-tung- 
sten steels, for example, retain their hard- 
ness at temperatures in excess of 400° C 
(about 750° F). Such alloys find appli- 
cation in metal-working tools. Nickel- 


chromium steel, specifically a type 
known as 18-8 (18 percent Cr, 8 percent 
Ni), is a stainless variety favored in the 
chemical industry. 


THE CHEMISTRY OF 
CHROMIUM 


The characteristic oxidation states of 
chromium are +2, +3, and +6. In acid 
solution, these are equivalent to Cr?* 
(chromous ion), Cr?* (chromic ion), 
and Cr,0;2- (dichromate ion). In an 
alkaline environment, the ions are 
CrOs- (chromite) and CrO,?- (chro- 
mate), and the compound Cr(OH) 
(chromous hydroxide). 


EMERALDS AND RUBIES— To a small degree, 
chromium can replace aluminum in its ores. 
Even though the amount of chromium is less 
than one percent in beryl, for example, the re- 
sult is one of man's most prized gems: the 
emerald (Illustration 2a). The ruby in Illustra- 
tion 2b is the result of chromium impurities in 
aluminum oxide. 


The reduction of Cr*+ or Cr;0;?- with 
zinc yields the blue Cr?* ion. Chromous 
salts are unstable in air, oxidizing rapidly 
to green chromic salts. This oxidation 
process may be observed in certain solu- 
tions where the change in color of the 
chromium ions from blue to green is 
vividly apparent. In contrast to chromous 
salts, chromic compounds in solution are 
stable, but slightly acidic due to hydroly- 
sis of the chromic ion: 
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Cr+ + H:O = CrOH?* + H+. 
The chromic ion has amphoteric prop- 
erties, reacting as an acid or a base de- 
pending on its environment. In acid solu- 


a 
ELECTROPLATING WITH CHROMIUM—Metals 
to be plated with rust and corrosion-resistant 
chromium are suspended in a bath of chrome 
salts. When electric current is applied, the 
positive chromium ions migrate to the nega- 
tive pole, of which the material being plated is 
part. 


CHROMITE FORMATION—Treating the violet- 
colored solution of chrome alum in the flask at 
the left with dilute sodium hydroxide produces 
a gray-green precipitate of chromic hydroxide. 


tions, its insoluble hydrate behaves like 
other metal hydroxides. 

In the presence of bases, on the other 
hand, the reaction of the chromic ion is 
acidic. This behavior produces soluble 
acids in the form of the chromite ion, 
CrOs-. When a base is added to a tri- 
valent chromium salt solution, a violet- 
colored gelatinous hydroxide is precipi- 
tated. The addition of more base dis- 
solves the hydroxide, forming a dark 
green solution containing the chromite 
ion. 
If the precipitated hydroxide is cal- 
cinated (heated at high temperature), 
green chromium oxide, Cr;Os, results. 
Known as chrome green, this compound 
is used as a paint pigment. 

When dissolved in water, many chro- 
mic salts produce a deep violet color. The 
nitrate, chloride, and perchlorate are ex- 
amples, forming a hydrate ion-complex 
with the water: [Cr(H30)4]**. An equi- 
librium exists in the chlorinated forms 
between the violet and green states (in 
which two Cl atoms replace two water 
molecules in the complex): 


The addition of more base dissolve 

he es the pre- 
cipitate, forming the green chromite ion d 
tion on the right. The green state occurs also 
from increased temperature. 


[Cr( H:O) e]Cls 


= [CrCl.(H20), |C1 - 2H30. 
violet green 
A shift toward the green st occurs 
when either the temperature 'oncen- 
tration is increased. Trivalen omium 
eS — 
CHROME ALUM—Because of stinctive 
color, chrome alum is easily re zable. It 
is one of the most common c! im com- 


pounds. 
5 


A CHARACTERISTIC REACTION OF CHRO- 
MIUM—A chromate ion solution treated with 
sulfuric acid, hydrogen peroxide, and ether 
results in the deep blue color of the peroxy- 
anhydride, CrO;, shown in the ether layer in 
the test tube. 


VATION OF RED PERCHROMATES—An- 
reaction characteristic of chromium is 
roduction of the perchromate ion when 
jen peroxide is added to an alkaline 
nte solution. 


SODIUM DICHROMATE—Yellow sodium chro- 
mate reacts with sulfuric acid to yield the alka- 
line dichromate, an orange solution. Chromium 
produces a range of some of chemistry's 
most colorful compounds. 


CHROMIC ACID—The dark solution in the 
beaker is a powerful oxidizing mixture capable 
of destroying organic materials. This chromic 
acid mixture is made from sulfuric acid (in the 
graduated cylinder) and potassium dichromate. 


ces a variety of hexacoordinated 
‘lexes with ions or molecules con- 
"free" electron pairs, such as 
CH-, F^, Cl-, CHS-, and H;O. 
eneral formula for these complexes 
rX,)*^, and the extent of their 
e is determined by the charge of 
ons, which varies from —3 to +3. 
hromium ion is located in the cen- 
f the octohedral structure of these 
complexes. The complexes also produce 
»ectrum of colors, ranging from violet 
| purple through green to yellow and 
ange. 

Certain of the trivalent chromium salts 
have industrial importance. Sodium chro- 
mite ( NaCrOs), for example, is used as a 
mordant in dyeing. This salt is hydrolyzed 
in solution to form the insoluble hydrox- 
ide Cr(OH )s, which is deposited on the 
fabric being dyed. It adheres to the fi- 
bers, fixing certain dyes (alizarin, for 
example) and forming very stable col- 
ored finishes. 

K.SO, - Cre(SO4)3 © 24H20 (chrome 
alum, whose crystals are a beautiful ame- 
thyst color) has the property of harden- 
ing leather and is used in the tanning in- 
dustry. Because it is also used in the 
waterproofing and dyeing of fabrics, it is 
the most important of the soluble chro- 
mium salts. 


In its highest oxidation state, +6, chro- 
mium usually forms chromates and di- 
chromates. The chromate ion can be pro- 
duced by oxidizing the chromite ion in 
the presence of an alkali and hydrogen 
peroxide (H»O») or other oxidizing 
agent. The ion is tetrahedral in structure, 
with four oxygen atoms bound to a cen- 
tral chromium atom. A chromate solu- 
tion is yellow in color, but acidification 
causes a change to orange due to forma- 
tion of the dichromate ion: 


2CrO,2- + 2H* = Cr;O2- + H;O. 


The reaction is reversed if a base is 
added. Both the chromates and dichro- 
mates are powerful oxidizers. 

A dichromate solution acidified with 
concentrated sulfuric acid yields CrOs. 
This compound, chromium  trioxide, 
sometimes called chromic anhydride, 
crystallizes in red needle-like crystals. A 
mixture of CrO; and H;SO, is used to 
clean glass laboratory apparatus because 
it oxidizes and destroys fats and other 
organic material. 

Lead chromate, PbCrO,, and basic 
lead chromate, PbCrO, ` PbO, are bright 
pigments, known respectively as chrome 
yellow and chrome red. They make ex- 
cellent paint. Ammonium dichromate, 
(NH,).CnO;, is an interesting com- 


pound. Its orange crystals are easily 
ignited, producing volumes of green ash 
(CrsO3) in a quite striking volcanolike 
display. 

In the presence of easily oxidized or- 
ganic material chromates and dichro- 
mates develop a sensitivity to light, and 
are reduced to trivalent salts. These salts 
have the ability to harden gelatin, and 
this property is the basis for a printing 
process known as phototypography. In 
this process, a metal plate is coated with 
fish glue and soaked in a potassium di- 
chromate solution. Then, a negative of 
the material to be printed is placed on 
the dried plate, and both are exposed to 
strong light. The glue not exposed to the 
light can be washed off, while a positive 
of hardened glue appears in relief. When 
the plate is then etched with acid, the 
parts not protected by the glue are eaten 
away to some extent, resulting in a raised 
surface suitable for printing. 

Because of the range of colored com- 
pounds produced by chromium, its salts 
and minerals are easily recognizable. On 
a quantitative basis, the formation of 
chromium hydroxide as a precipitate is 
the starting point for analysis of chro- 
mium content. The trained technician is 
able to determine with relative ease the 
amount of chromium in a substance. 
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NITROGEN 


In 1772, when Daniel Rutherford was 
studying respiration and Joseph Priestley 
was burning materials in closed bell jars, 
both scientists noticed that two sub- 
stances remained after the air's oxygen 
was exhausted. One of these was carbon 
dioxide, the other was inert gas that they 
called “mephitic air.” Five years later the 
Swedish chemist C. W. Scheele deter- 
mined that this gas constituted about 80 
percent of the atmosphere. He also dis- 
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THE EFFECT OF LIQUID NITROGEN ON A 
GERANIUM—The effects on materials im- 
mersed in the supercold of liquid nitrogen are 
striking. Exposed to a temperature of — 180°C 
(—292° F), a geranium is reduced to frag- 
ments. 


from the atmosphere to 
fertilizers and explosives 


covered its inability to support combus- 
tion and that it was unbreathable. An- 
toine Lavoisier, the father of modem 
chemistry, found the gas so inert that he 
called it azote, from the Greek word 
meaning lifeless. Because the element 
was present in nitrates, it was also known 
as nitrogen (meaning nitrate former); 
hence, its chemical symbol N. 

Nitrogen occurs as the diatomic mole- 
cule Nz in the atmosphere, of which it 
constitutes about 78 percent by volume. 
Combined with other elements, it is found 
in saltpeter (KNO;) and in Chile salt- 
peter (primarily sodium nitrate, NaNO;). 
Except for the sodium and potassium ni- 
trates and ammonia (NH3), nitrogen 
compounds rarely occur as minerals, 
mainly because of the high degree of 
solubility of nitrogen salts. 

Despite the meaning of the word azote, 
nitrogen is an essential constituent of 
animal and plant organisms, and nitro- 
gen compounds are found in amino acids 
—the building blocks of all proteins. 


PREPARATION AND PROPERTIES 


By exposing air to a readily oxidizable 
substance, all of the oxygen in the air 
will be used to form an oxide of that 
substance. For example, red-hot copper 
forms cupric oxide (CuO) in air, while 
yellow phosphorus burned in a closed 
atmosphere is converted to its pentoxide 
(P205). In either case, what remains of 
the air is primarily nitrogen. This is not 
pure nitrogen, however, but contains 
about 1 percent argon, about 0.04 per- 
cent carbon dioxide, and smaller quanti- 
ties of the other noble gases. Pure ni- 
trogen can be obtained by heating a 
solution of one of its salts. Ammonium 
nitrite treated in this way decomposes 
according to the reaction NH,NOs 
> N: + 2H,0. 

Nitrogen is a colorless, odorless, inert 
gas with a diatomic molecule, No. Under 
normal conditions, it combines with only 
the most active elements, such as lithium, 
calcium, and magnesium—and with the 
latter two only by heating. This chemical 
inertia results from the great stability 
of the bond within the molecule. In fact, 
production of nitrogen compounds poses 
considerable technical problems. 

At standard temperature and atmo- 
spheric pressure, one | of nitrogen weighs 
1.2025 g (about 0.04 oz), The critical 
temperature for nitrogen is —147.1°C 
(—232.6° F); above this point it cannot 
be liquefied no matter how much pres- 


sure is applied. The gas is almost in- 


soluble in water, but like al! gases be- 
comes more soluble as the pressure 
increases. For divers and caisse» workers, 
who must function at conside: «ble pres- 
sures beneath the earth's si:'ace, this 
pressure-solubility relationship is of pri- 
mary concern. At great dept! nitrogen 
is forced into the blood und»: pressure. 
If a diver ascends too rapis. the gas 
forms bubbles in the blood- 3m and 
prevents proper circulation. he result 
is the dreaded and deadly | , or ni- 
trogen narcosis. 

INDUSTRIAL PRODUCTI( 

The fact that nitrogen has a lower boiling 
point than oxygen allows th: duction 
of nitrogen by fractional distillation of 
liquid air. Because these : cannot 
be liquefied at normal temper. ires, they 
must be cooled before compres: on to the 
liquid state. Nitrogen boils at — 195.8° C 
(about —320° F), oxygen at :296* C 
(about —297° F); therefor: ien the 
temperature of liquid air is d from 
—200° C (—328° F), the firs aporize 
is nitrogen. 

The extreme cold encou: | when 
air is liquefied has given |; to the 
science of cryogenics: the stud of matter 
at low temperatures. The | rties of 
matter are amazingly alters: in this 
frigid environment. For insta: c, rubber 
completely loses its elastici and be- 
comes as fragile as glass; meat, eggs, and 
vegetables become as hard 4: iron and 
shatter when dropped; lead will ring as 
sweetly as the finest chimes. 

Naturally, there are more practical as- 


pects to cryogenics. Attempts to destroy 
typhus and diphtheria bacilli by im- 
mersion in liquid air have shown the 
remarkable strength of these organisms. 
Even after long exposure to supercold, 
they become viable when they are re- 
turned to room temperature. Surgical 
techniques using liquid nitrogen to freeze 
tissue have given excellent results, with 
wounds being free of infection and fast- 
healing. In the steel industry, special 
characteristics are imparted to metals by 
immersion in liquid nitrogen while they 
are still hot. 


THE CHEMISTRY OF NITROGEN 


Nitrogen is present in a large number 
of organic and inorganic compounds. Its 
most common valences are —3 and +5, 
a characteristic of the elements in GrouP 


2c 


eet 


2e 


NITROGENOUS FERTILIZERS—Fertilizers 
Containing nitrogen compounds can be of ani- 
mal origin (Illustration 2a), and are formed by 
the decomposition of animal wastes. More im- 
Portant commercially are chemical fertilizers 
Such as ammonium sulfate (NH.)2 SO, (shown 
in Illustration 2b), ammonium nitrate NH.NO: 
(Illustration 2c), calcium nitrate Ca(NOs)2 (Il- 
lustration 2d), and urea (Illustration 2e). 


V of the periodic table. Nitrogen com- 
pounds are known, however, in which 
nitrogen occurs in all oxidation states 
from —3 to +5. 

With hydrogen, nitrogen forms a num- 
ber of important compounds. Ammonia 
(NHs), the most significant of these, is 
the starting point for the production of 
other nitrogen compounds. Direct syn- 
thesis of ammonia is a widely used 
method of combining atmospheric ni- 
trogen. The reaction Nə + 3H; = 2NH; 
is reversible and exothermic. 

To be economic from an industrial 
standpoint, synthesis employs high pres- 
sure (about 1,0000 atmospheres) and 
temperatures between 300° and 400° C 
(572° and 752? F). A catalyst, usually 
finely divided iron, is used to speed up 
the reaction. Ammonia can also be recov- 
ered as a by-product of coal distillation. 

Ammonia is a gaseous, toxic com- 
pound that is lighter than air and has 
a distinctively strong odor. The gas is 
easily liquefied at normal temperatures. 
Because it absorbs great quantities of 
heat on evaporation, ammonia makes an 
excellent refrigerant. In an oxygen-rich 
atmosphere, it will burn and form ex- 
plosive mixtures. Being highly water- 
soluble, it reacts easily with water to 
form ammonium hydroxide: 


NH; + H;0 = NH,OH. 


The base partially dissociates into am- 
monium (NH,*) and hydroxyl (OH-) 
ions, and reacts with all acids to form 
their respective ammonium salts. Im- 
portant ammonium compounds include 
ammonium sulfate, (NH,)2SO4, and 
ammonium carbonate, (NH4)2COs, both 
used in fertilizers. Ammonium sufate 
can be found naturally in the volcanic 
areas of Tuscany, and the guano de- 
posits in Peru are sources for naturally 
occurring ammonium carbonate. Aqueous 
solutions of ammonia are used in clean- 
ing, dyeing, and paint manufacture. Ele- 
mental nitrogen or nitric oxide (NO) can 
be obtained by burning ammonia. 

Other important hydrogenated nitro- 
gen compounds include the rocket fuel 
hydrazine (NH;-NH3;) and hydrazoic 
acid (HN;). Certain heavy metal salts 
of this acid, Pb(Ns)2 and AgNs, for ex- 
ample, are explosive and are used as 
detonators. 

Oxygenated nitrogen compounds in- 
clude nitrous oxide (N20), produced 
by decomposing ammonium nitrate: 
NH4NO; ^ N20 + 2H20, and an entire 
range of useful oxides. Nitrous oxide, 
commonly known as laughing gas, is 
colorless and odorless. It is anesthetic, 
especially combined with ethylene. 


GUANO DEPOSITS—The only deposits of ni- 
trogenous salts are found in Peru and Chile. 
They were formed originally by enormous ac- 
cumulations of bird droppings that, in time, 
decomposed to primarily sodium and potas- 
sium nitrates. 


Nitric oxide (NO) can be synthesized 
directly from the elements using an elec- 
tric arc, or by reacting certain metals 
with nitric acid: 


3Cu + SHNO; > 3Cu(NOs)» + 2NO. 


Nitric oxide is colorless, but oxidizes 
rapidly in air to form nitrogen dioxide 
(NO2), a red-brown, mildly poisonous, 
irritating gas. 

A direct method for nitrogen dioxide 
production involves heating heavy metal 
nitrates: 


2Pb(NOs)2— 2PbO + O2 + 4NOs. 


At low temperatures, the NO; forms the 
tetroxide molecule, NO4. Also called 
nitrous-nitric anhydride, the tetroxide in 
a water solution yields nitrous and nitric 
acids: 


N30, + H;O > HNO, + HNO;. 


At room temperature, nitrogen triox- 
ide, NOs, is an unstable gas that de- 
composes according to the reaction 
N20; = NO + NOs. 

Demonstrating nitrogen’s +5 valence, 
nitrogen pentoxide, N;O;, is an oxygen- 
ated compound obtained by dehydrating 
nitric acid. 

The two important oxygen acids of 
nitrogen—nitrous (HNO;) and nitric 
(HNO;)—are formed from the oxides in 
water. The first reacts to form valuable 
salts such as KNO» and NaNO». Nitric 
acid, however, has far greater commercial 
value, and is produced either from so- 
dium nitrate: 


NaNO; + H2SO;— HNO; + HaHSO,, 


or by oxidizing ammonia. In its pure 
form it is a colorless liquid. Commercial 
aqueous solutions are often red, due to 
dissolved nitrogen dioxide. Commonly 
known as aquafortis (“strong water”), 
nitric acid is one of the most powerful 
acids and is a strong oxidizing agent. 
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In solution, nitric acid dissociates com- 
pletely into hydrogen and nitrate ions. 
Through oxidation, it vigorously attacks 
many metals to form their nitrates and, 
in certain instances, reacts with reduc- 
tion products such as NO», NO, N20, 
and ammonia, Some metals—such as chro- 
mium and aluminum—are not attacked 
by the acid because an impervious oxide 
forms on their surfaces. This explains 
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ALUMINUM TANKERS AND STORAGE OF 
NITRIC ACID—Nitric acid is one of the most 
powerful oxidizing agents known. It readily 
attacks many metals, forming their correspond- 
ing nitrates. Some metals, among them alumi- 


why concentrated nitric acid can be 
transported in aluminum tankers. Or- 
ganic substances, however, are not im- 


209.86° mune to attack. For example, turpentine 


(CioHie) treated with fuming nitric 
acid will ignite spontaneously. Finally, a 
mixture of three parts hydrochloric acid 
(HCl) to one part nitric acid, known as 
aqua regia, is the only solvent capable 
of dissolving gold. 

Important fertilizers are the nitric acid 
salts of sodium and potassium. The pow- 
erful explosives TNT, nitroglycerin, and 
nitrocellulose are organic derivatives of 
the acid. While TNT is a relatively stable 
compound that requires a detonator to 
explode it, nitroglycerin is very unstable 
and sensitive to slightest shock. Nitro- 
glycerin was first tamed by Alfred Nobel, 
who mixed the liquid with diatomaceous 
earth and invented dynamite. Cellulose 
nitrate (guncotton) forms gelatinous 
compounds and is mixed with other 
explosives. 

Hydrocyanic acid, HCN (also known 
as prussic acid), is a highly poisonous ni- 
trogen compound found in small quan- 
tities in bitter almonds. It can cause 
death in a matter of seconds. Antidotes 
for hydrogen cyanide Poisoning include 
immediate oxygen inhalation and oral 
administration of ferrous hydroxide. 


AGRICULTURAL USES 
OF NITROGEN 


Large quantities of nitrogenous com- 
pounds are used in agriculture to main- 


num and chromium, are resis! ) this at- 
tack because of the formatior ;xides on 
their surfaces. In the foreground iluminum 
tanker waits to transport its c of nitric 
acid. 

tain high levels of produc! While 
nitrogen is a part of natur: ological 
cycle, this natural process i ufficient 
to keep pace with today's ne | for agri- 
cultural nitrogen. 

Nitrogen's biological cycle ich that 
most plants cannot take thi: vent di- 
rectly from the atmosphere. `^ an they 
obtain it directly from ammo: «m com- 
pounds, which must be nit in the 
soil before they can be assi: d. Soil 
contains two types of bacteri; -hat per- 
form the function of nitrifico on. One 
oxidizes ammonia and ammo. ‘vm salts 
to nitrites (the nitrosobacteri | and the 
other (nitrobacteria) oxidiz: nitrites 
to nitrates, which can be assi:iilated by 


plants. Only potatoes and certain plants 
that grow well in acid soils can use 
ammonium salts directly. Leguminous 
plants, such as peas and beans, can as- 
similate atmospheric nitrogen directly 
because colonies of bacteria thrive in the 
root nodules and transform the nitrogen 
into usable compounds. 

The organic nitrogen in plants pro- 
vides a source of animal nourishment. In 
the process of digestion, proteins are 
broken down by an animal into urea and 
uric acid, which are further decomposed 
in the soil to ammonia and elemental 
nitrogen, and the cycle continues. Today, 
artificial fertilizers are widely used to 
offset the tremendous amounts of nitro- 
gen lost by land under heavy cultivation. 
Natural organic materials have declined 
to a minor place in supplying the nitro- 
gen fertilizer of the world. 


TECHNETIUM 


AND RHENIUM 


Although leleev had forecast the 
existence properties of technetium 
(Tc) in tl clopment of his periodic 
table in ti i-nineteenth century, the 
element * xt discovered until 1937. 
Technetiu »mic number 43, was dis- 
covered b: italian physicists, C. Per- 
rier and |: ré, who bombarded mo- 
lybdenum leuterons. The result was 
a radioact aterial attributed to the 
decay of newly formed element. 
The disco named the element from 
the Greek : etos (meaning artificial), 
to mark ! cation of the first man- 
made elen 

Recent yts to isolate technetium 
from natu ources have focused on 
uranium because the element is 
formed as fission product of some 
uranium Í s, notably uranium-238. 
Success ir attempts, however, is 
measured rms of about one one- 
millionth chnetium from 5,000 g of 
pitchblen: 

The is: f technetium that have 
been iden iave mass numbers from 
92 to 105 isotopes are radioactive, 
decaying : by emission of an elec- 
tron (beta le) and changing into an 
isotope of iium, or by absorbing an 
electron t: ome a molybdenum iso- 
tope. Tech: m's isotopes include Te, 
with a hal! of 14 minutes; Te, with 
a 61-day haif-life; and 95Tc, with a half- 
life of approximately 1.5 x 10° years. 
(The term half-life refers to the time re- 
quired for hilf the the atoms of an iso- 


tope to disintegrate. These half-life fig- 
ures explain why technetium is not found 
in nature; any that might have been pres- 
ent at the Earth's creation would long 
Since have decayed. Spectral studies of 
Stars, however, indicate that technetium 
is present in some of them, though it has 
not been found in the sun. 


ISOLATION OF TECHNETIUM 


Technetium was first obtained in a mea- 
Surable quantity by irradiating about 
8,000 g of molybdenum with neutrons. 
Technetium was formed as a decay prod- 
uct of a molybdenum isotope, according 
to this reaction: 


*5Mo + n > Mo "Tc + B 


In the reaction, molybdenum-98 absorbs 
a neutron, n, to form an unstable isotope, 
Mo, with half-life of 67 hours. In turn, 
**Mo decays to the ®Tc isotope with the 
accompanying emission of a beta particle. 

Following neutron bombardment, the 
molybdenum-technetium mass was dis- 
solved in concentrated sulfuric acid and 
then distilled to collect technetium oxide, 
Tc.O;. The oxide was converted to the 
sulfide, and finally was dissolved in hy- 
drogen peroxide to separate it from im- 
purities and small quantities of rhenium. 

This method works well, but only on 
a very small scale. Technetium is now 
isolated in practical quantities from nu- 
clear reactors as a uranium fission prod- 
uct. About six percent of these products 
are technetium. The recovery process re- 
quires the storage of nuclear wastes for 
several years; this allows radiation levels 
to decrease, at which point the materials 
with the longer lives, such as technetium, 
can be safely obtained. Presently, several 
thousand g of the element are obtained 
annually by solvent extraction from other 
fission. products and ion-exchange reac- 
tion for purification. The material is pre- 
cipitated as the sulfide and finally re- 
duced to the elementary state with hy- 
drogen. 


DISCOVERY AND ISOLATION 
OF RHENIUM 


The existence of rhenium (Re) was also 
predicted by Mendeleev. The element 
was not obtained in any quantity, how- 
ever, until 1925. Rhenium is one of the 
rarest of the nonradioactive elements. No 
ores of the element exist; its quantity in 
the Earth’s crust is estimated to be on 
the order of 1 X 10-7 percent. 

The discovery of rhenium is credited 
to the German scientists W. Noddack, 
I. Tacke, and O. Berg, who isolated it 
from manganese and tantalum ores in 
1925. It is named from the Latin word 
for Rhine (Rhenus), because major 
sources of the metal ore were found in 
Mansfeld, Germany. Other concentra- 
tions of rhenium are found in copper 


the discovery and isolation 
of two rare elements 


sulfide ores mined in Arizona and Utah. 
Most rhenium is obtained from residual 
products from the working of these 
copper-bearing ores and molybdenite 
(MoS2). The residuals are roasted in 
air, forming rhenium heptoxide (Re2O7) 
as one of the products in the fumes. 
The material is recovered, washed, and 
crystallized into potassium perrhenate 
(KReO,). To obtain the metal, the per- 
rhenate is reduced with hydrogen. While 
the element obtained in this manner may 
contain some potassium impurities, they 
pose no problems. Many rhenium iso- 
topes are known, ranging from mass 
numbers 177 to 189. The only stable ones, 
however, are !*55Re and !*'Re. Because 
of the number of isotopes, the element 
is assigned an average atomic weight of 
186.2. 

Three years after its discovery and 
isolation, rhenium cost $10,000 per gram. 
By 1930, production had increased a 
thousandfold, bringing the price down 
to $3.00 per gram. 


PROPERTIES OF TECHNETIUM 
AND RHENIUM 


Both elements have hexagonal crystalline 
structures. Both have high melting 
points: that of technetium is about 
2,900? C (about 3,990? F), while rhe- 
nium melts at 3,180? C (about 5,755? F), 
the next highest to tungsten, which has 
the highest melting point of all metals at 
3,380? C (about 6,115? F), and to car- 
bon, with a melting point of 3,550° C 
(about 6,420? F). The boiling point of 
technetium has not been determined; 
that of rhenium is estimated to be about 
5,630? C (about 10,165? F). 

Both metals are very reactive, oxidiz- 
ing readily when heated in the powdered 
state. Halogens, with the exception of 
iodine, combine directly with both 
metals. Rhenium can be dissolved in hy- 
drogen peroxide, and both metals are 
soluble in oxidizing acids (HNOs and 
hot H5SO,, for example), although they 
are insoluble in acids of the halogens 
such as HCI and HF. 

The commercial form of rhenium is 
a black or grayish powder that can be 
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RHENIUM COMPOUNDS—Some of the many 
colorful rhenium compounds are shown in Ii- 
lustration 1a. These stable materials are 
formed by the element's +3, +4, +5, and 


converted directly into wire or sheet 
metal. It can also be produced in colloi- 
dal form, in which case it readily adsorbs 
hydrogen and can be used as a catalyst 
in ammonia production. Solutions of rhe- 
nium salts can be electrodeposited and, 
as such, are used to protect base metals 
from corrosion in a manner similar to 
chromium. Alloyed with tungsten, the 
metal is used for light-bulb filaments be- 
cause of the high melting point of the 
resulting alloy. Because these alloys are 
subject to oxidation, however, they are 
enclosed in an atmosphere of inert gas. 
Technetium, in the form of the per- 


+7 ions. Rhenium trioxide, ReO;, is the red- 
dish-brown compound in Illustration 1b; the 
lime-green compound in Illustration 1c is po- 
tassium hexachlororhenate, K;ReCl,. 


technate ion (TcO,- ), has the ability to 
protect steels from corrosion, even in di- 
lute concentration (5 x 10-4 percent). 
Interestingly, the ion concentration is 
critical, for beyond a certain point the 
corrosion inhibition properties disappear. 
It has not been fully established how this 
mechanism works, and there is no practi- 
cal application for the process as yet. 
Technetium is always handled with cau- 
tion due to its radioactive emission of 
harmful beta and x-rays. 

In view of the extreme scarcity of both 
technetium and rhenium, both metals are 
recovered whenever possible, 


THE CHEMISTRY OF 


TECHNETIUM AND RHE\NIUM 
Until recently, technetium ignored 
in favor of research into rhe: vs chem- 
istry. Today, though, chemist: is finding 
value in both metals. Both e similar 
chemical properties, thou differing 
considerably from mangan a lower 
homologue. For instance inganese 
forms a stable Mn?+ ion, w +2 ions 
do not exist for technetium : henium. 

Technetium forms stable , Tt, 
and Tc'*, while +3 and ites are 
difficult to obtain. While a rlenium ion 
in the +6 state cannot ea be pro- 
duced, those ions with +3, +5, and 
+7 valences produce stable pounds, 
Technetium and rhenium co inds are 
known in all oxidation states :om —1 to 
+7. Both elements form a serio: of binary 
oxygen, sulfur, and halogen pounds, 
The oxides are very colorí: those of 
rhenium being black (R : H90), 
brown (ReO;), red (Ri blue 
(Re;O;), and yellow (Re; l'echne- 
tium's oxides are black (T purple 
(TcO;), and yellow (Tc.O 

Rhenium sulfides catalyze hydro- 
genation of organic materia id have 
the property of not being “po ned” in 
the presence of sulfur com) \inds, as 
does platinum, another comm atalyst. 
The elements also produce nsider- 
able number of variously colored halides; 
some are stable, some not. The hexafluo- 
ride ( ReF;), pentachloride ( «Cl; ), tri- 


bromide ( ReBr;), and two simple iodides 
(Rely and Rel) have been reported. The 
trichloride (ReCl,) is a trimeric red solid 
that behaves as a nonelectrolyte in solu- 
tion; on heating, it emits a green vapor. 
From this vapor, metal may be deposited 
by thermal decomposition. 

The acids of technetium and rhenium, 
HTcO, and HReO,, are especially im- 
portant in the formation of the respec- 
tive pertechnate and perrhenate salts. 
The acids are stable oxidizing com- 
pounds, are soluble in certain organic 
solvents, and are easily absorbed by ion- 
exchange resins. These properties, in 
fact, are exploited in the extraction and 
purification of the metals. The pertech- 
nates and perrhenates of tetraphenylar- 
sine [As(CsH;)4+] are insoluble, and 
thus find use in gravimetric quantitative 
analysis of the elements. 


SILICON 


by the Romans to make 
ibout 28 percent of the 


Silicon, first 
glass, repres: 


Earth's crus is second only to oxy- 
gen in abun With the exception of 
the carbon limestones and dolo- 
mites), it i icteristic of all rocky 


takes its name 
x, or flint, never occurs 
it is found primarily as 
SiOz), in sand, quartz, 
‘reat many other min- 


matter. Silic vhich 
from the Lat 
in the free s! 
the oxide, si 
flint, opal, : 


QUARTZITE igh it never occurs in a 
free state, si! he second most abundant 
element in t! s crust. It is found pri- 
marily in the silicon dioxide, or silica 
(SiO), of wh tz is the crystalline form 
and quartzite mpact rock variety. 
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erals. Silicon 
include granite 
many others 


netallie oxide complexes 
asbestos, clay, mica, and 


In 1823, the Swedish chemist J. J. 
Berzelius succeeded in isolating the free 
element by heating sodium fluosilicate 


(NaSiF;) with metallic sodium: 
NasSiF, + 4Na > 6NaF + Si. 


Elementary silicon can now be prepared 
by several methods, and depending on 
the process is obtained in both crystalline 
and amorphous forms. X-ray studies of 
the amorphous form, however, have re- 
vealed a microcrystalline structure identi- 
cal to silicon in the crystal state. 

Silicon is a nonmetallic element re- 
Sembling carbon in that it has several 
allotropic forms and in the number and 
variety of compounds produced. Its 
Structure is similar to that of diamond; 


from mountains 
to window panes 


its crystals are lustrous and black. When 
heated in air, it burns brightly, forming 
the dioxide. At normal temperatures, sili- 
con reacts vigorously with fluorine to 
produce SiF (silicon tetrafluoride) but 
will combine with other elements only 
at high temperatures. In all but a very 
few instances silicon exhibits a +4 va- 
lence in its compounds, and, in fact, is 
a member of Group IVA in the periodic 
chart where tetravalence is characteristic. 

Today, silicon is used in the steel in- 
dustry in fabricating special alloys, and 
as an abrasive (silicon carbide), and is 
the foundation for the clay-working, 
glass, and cement industries. Of increas- 
ing importance is the manufacture of sili- 
cones—organic compounds in which part 
or all of the carbon is replaced by silicon. 


OXYSILICON COMPOUNDS 


The atoms of silicon are bound together 
by oxygen atoms to form chains. The 
structures resulting from this combina- 
tion can be fibrous, layered, or three- 


—————————— 


NEEDLE-LIKE CRYSTALS OF HORNBLENDE 
IN QUARTZ—The quartz crystal in the center 
of the illustration has inclusions of hornblende, 
seen as needle-like structures. Hornblende is 
an extremely complex mineral composed of 
an aluminum-calcium-iron-magnesium-silicon 
oxide combination. 


EPITAXY OF QUARTZ AND ORTHOCLASE— 
Epitaxy is an association of crystals that takes 
place according to well-defined natural laws. 
Illustrated is such an association between 
quartz and orthoclase, a common potassium 
feldspar. 


dimensional The only oxide of silicon 
found in nature is the dioxide, SiO». This 
compound crystallizes in various ways, 
however, to form a wide variety of min- 
erals. 

Quartz is the major crystalline mani- 
festation of silicon, and is found pri- 
marily in four geometric configurations: 
triangular, hexagonal, tridymite or rhom- 
bic, and cristobalite or tetragonal. Many 
varieties of quartz are vibrantly colored 
due to the presence of other elements as 
impurities; smoky quartz is brown, 
amethyst is purple, and onyx ranges from 
black to white. Jasper, a beautiful red, 
owes its color to traces of ferric oxide 
(Fe2O3). The iridescence of opal a 
semiprecious stone, is due to small in- 
clusions of a caleium carbonate. Opal 
and agate are varieties of amorphous 
silica. 


USES OF SILICON DIOXIDE 


If fused and cooled quickly, silicon di- 
oxide (silica) becomes amorphous and 
vitreous. In this state, it is known as 
fused silica, and is used to make heat- 
resistant crucibles, flasks, and high-tem- 
perature thermometers. The coefficient 
of expansion for silica is so slight, in 
fact, that it resists breakage over ex- 
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treme temperature ranges. The thermom- 
eters mentioned above, for instance, can 
be heated to incandescence and plunged 
into liquid air without damage. Silicon 
dioxide is also resistant to stresses that 
would destroy other materials; it can be 
drawn into fine strands that are used in 
special applications. The glass, porcelain, 


A PRACTICAL USE FOR QUARTZ—This evap- 


orating dish is made of fused quartz. When 
silica is melted and cooled quickly, the result 
is an amorphous, vitreous form. Quartz of this 
type—sometimes incorrectly called quartz 
glass—has a very low coefficient of expan- 
sion, making it suitable for utensils used in 
operations over a wide range of temperatures. 
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OLIVINE—A silicon compound with the for- 
mula (Mg, Fe);SiO,, olivine is a common min- 
eral found in volcanic rock. Its characteristic 
color is due to the presence of bivalent iron. 
In the transparent green state, olivine is val- 
ued as a gem and is known as peridot. 


ee 
and cement industries are the largest 
users of the compound. 


SILICIC ACIDS AND SILICATES 


Numerous silicic acids are produced by 
hydration of silicon dioxide. The more 
important varieties are: 


1. Orthosilicic acid, H4SiO, from 
which the following minerals are 
derived: topaz, ( AIF)2SiO,, a 
colorless to yellow variety of quartz; 
olivine, (Mg, Fe)sSiO,, so called 
from its color, which is due to the 


presence of bivalent iron; alman- 
dite, AlO; : 3FeO : 3SiO, a variety 
of garnet; and muscovite, KO * 
3A1,03 : 6SiO. - 2H;O, named for 
Moscow where once windows were 
made from this silicate. 

2. Metasilicic acid, H2SiO;, from 
which beryl, 3BeO : AlO; : 6SiO», 
is derived. 

3. Metadisilicic acid, H,Si;O;, which 
can be reduced to Li;O - AbO;* 
8SiO», a mineral petalite; other re- 
duction products of this acid are 
serpentine, 3MgO - 2SiO, : 2H;O, 
and kaolin, Al;O; - 2SiO. - 2H30. 

4. Metatrisilicic acid, H;Si;O;, which 
produces the common orthoclase, 
K:0 * AlO; ` 6SiO». 

Note that silicon is often replaced by 
aluminum, beryllium, and other elements. 
The first two produce commonly occur- 
ring aluminosilicates and berylsilicates. 

Diatomaceous earth, formed from the 
skeletons of diatoms and radiolaria, is 
another silicon compound. This material 
has highly absorbent properties, and is 
so used as a filtering material. It is also 
employed in dynamite manufacture. 
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CLASSIFYING SILICATES BY 
CRYSTAL STRUCTURE 


Representing silicates by their chemical 
formulas gives no information as to phys- 
ical properties. Hardness, for example, is 
reliant on structure; to determine struc- 
ture scientists resort to x-ray crystallog- 
raphy. 

The major, naturally occurring silicates 
can be classified by the arrangement of 
atoms in their crystal lattices. In the case 
of the feldspars, potassium, and sodium 
aluminosilicates, which account for about 
50 percent of the Earth’s crust, the struc- 
ture is a three-dimensional cornice. In 
these compounds, the (SiO, )-4 group 
is often replaced by (A10,)-5. Ortho- 
clase, one of the feldspars, has four oxy- 
gen atoms located at the vertices of the 
silicate group tetrahedron, and each of 


ORTHOCLASE—This mineral known as 
potassium feldspar, is anoth: / common 
compound, found primarily »ous rock 
formations. Hydrothermal rea may alter 
orthoclase, changing it to kaol ther clay- 
like materials. 

AMPHIBOLITE—A very comm eral, am- 
phibolite and its variations are tituents of 
metamorphic rock. Some form he mineral 
are variously colored and are r decora- 


tive purposes. 


these is matched by as many adjacent 
(SiO,)-* tetrahedrons. This positioning 
results in a three-dimensional arrange- 


ment of the crystal. 

Laminar silicates—those with stratified 
plane lattices—are structured so that each 
(SiO,) -* tetrahedron is bonded to three 
more tetrahedrons by oxygen atoms. À 
fourth oxygen atom at right angles to the 
plane may, in turn, be bonded to a metal 
ion. This type of silicate includes the 
micas, which have a layered structure 
and can be peeled or cleaved along these 
planes, much like an onionskin. In sili- 
cates with chain or ribbon structures, 
each (SiO,)-* tetrahedron is bound to 
another by two oxygen atoms. This con- 
figuration is repeated ad infinitum. 

Finally, insular silicates, such as beryl, 
form crystals in which six (SiO4)^* 
tetrahedrons are bound vertex-to-vertex- 


The structure resulting from this bonding 
is a ring. 

Thus, the degree of hardness is ex- 
plained by the way in which the atoms 
in the crystal lattice of a silicate are 
bonded. More precisely, the way in 
which the (SiO,)—* tetrahedrons are 
joined determines the crystal structure 


and its cleavability. The orthosilicates, 
for example, are relatively hard, owing 
to their ‘hree-dimensional structure. In 
contrast » planar formation of tale 
gives it « soft quality. 

OTHE LICATE COMPOUNDS 
Many derivatives are assuming 
major trial importance, especially 
the or silicones. These complex 
compo: :re oily, elastic, or resinous, 
and ar lely used as lubricants and 
ingredi in rubber manufacture. The 
JASPER n oxides, with traces of iron 
oxide, ar ally homogeneous in color, rang- 
ing from to green to gray. On occasion, 
formatio | bands of color are found and 
used for rative purposes in home and 
building E 
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about 5,000 years ago, is essentially a 
combination of silica, basic silicates, and 
alkaline-earth oxides. Since the composi- 
tion of glass can vary, it is regarded as a 
solution even though its appearance and 
behavior is that of a solid. Glass has no 
well-defined melting point, and can be 
softened through a wide temperature 
range. This is physical proof of a non- 
crystalline structure. 

Today's range of glass types is enor- 
mous, with a property and use for almost 
any purpose. From bottles to precision 
Optical lenses, from unbreakable plate 
glass to safety glass for automobiles, for 
ornamental use or in cryogenics, a glass 
can be tailored to fill most any need. 

Like glass manufacturing, the ceramics 
industry is very old. Products range from 
earthenware to porcelain to brick. Hy- 
drated aluminum silicate—which is the 
basis for this industry—is known in the 


POTASSIUM FELDSPAR—One of the charac- 
teristics of this mineral In its relatively pure 
state is long crystals. Normally colorless and 
transparent, though sometimes reddish, this 
feldspar is mixed with kaolin (another of its 
forms) to make ceramics and porcelains. 
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silicones «x highly resistant to heat and 
are chemically inert to metals. They are 
characterized by Si-C and Si-O-Si bonds. 
This important class of compounds is 
being increasingly used in a large num- 
ber of areas, such as artificial organs. 

Silicon carbide, SiC, is an exceptionally 
hard compound, exceeding the hardness 
of diamond. It is used as a grinding ma- 
terial and in tools for high speed drilling. 

Silicon fluoride, when hydrated, forms 
hexafluosilicic acid, a compound found 
Only in aqueous solution. Salts of this 
Acid aid in preventing corrosion of cer- 
tain porous, chalky materials. Silicon 
fluoride is also used as a disinfectant, 
an insecticide, and an opaquing agent 
In paint manufacture. 

Without silicon, there would be no 
glass, ceramic, or cement industries. 
Glass, whose origin has been estimated 


uo $ 
pure form as kaolinite; but when iron 
impurities are present it is clay. Both 
minerals possess considerable plasticity 
when mixed with water; when molded 
and fired—a process that dehydrates the 
material to form stable silicates—the mass 


becomes extremely hard. Fine porcelains 
are one result of this process; they con- 
tain no impurities and are translucent. 
In addition to its decorative use, porce- 
lain is often used in laboratory and in- 
dustrial processes and as an electrical 
insulator. 


CROCIDOLITE—This mineral belongs to the 
family of amphiboles, or hornblendes. Also 
called blue asbestos, it is mined in South 
Africa in the form of fibrous aggregates. The 
sample in the illustration is a crocidolite am- 
phibole on serpentine. 


1l 


BRONZITE—This dark greenish-brown mineral 
is from the family of rhombic pyroxenes. 


MUSCOVITE— This mineral belongs to the po- 
tassium micas. It is quite commonly found in 
sheets and can be peeled much like an onion- 
skin. 


Less highly prized is earthenware, 
commonly found in objets dart and 
cooking utensils. Many kinds of brick 
and tile are manufactured by firing nat- 
ural clay to which ferrous oxides have 
been added for color. Pure forms of clay 
are used to make refractory brick, a spe- 
cial material that is able to withstand 
high temperatures. Refractories are used 
to line furnaces in steel mills and for 
other high temperature operations. 

One of the fundamental industries in 
the modern world is that of cement man- 
ufacture. Cement—which is actually a 
mixture of natural and man-made clay 
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CLASSIFICATION OF SILICATES—Part a of 
the illustration shows the basic (SiO,)~* tetra- 
hedral structure. When the tetrahedrons are 
bonded in pairs through a vertex b, com- 
pounds such as hemimorphite or calamine are 
formed. The structures of cyclosilicates are 
shown in c, d, and e, of which beryl is an ex- 
ample. A simple chain of tetrahedrons as in 


a b c 


14a 


the inosilicates, is shown in f. The pyroxenes 
are examples of these minerals. Characteristic 
of the amphiboles is the double chain g, while 
h represents the structure of the micas and 
claylike materials having a planar formation 
of the molecules. The complex representation 
i shows the three-dimensional group of tetra- 
hedrons common to the feldspars (orthoclase). 


d 
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SILICONE GLASS AND SILIC CARBIDE 
—The ability of silicon to rep carbon in 
organic compounds results in tí cones—a 
series of materials finding ir ing uses. 
Silicones are oily, resinous istic. sub- 
stances used as lubricants and ber man- 
ufacture. Illustration 14a is a g plate, part 
of which has been treated with one. The 
water beads up on the treated t, while it 
spreads out on the untreated The sill- 
con carbide in Illustration 14! sed as a 
constituent of grinding tools is harder 
than diamond. 

and limestone—is formed process 
that begins with the firing of mixture 
in rotary furnaces, or kiln tempera- 
tures of from 1,300 to 1,4( (about 
2,400 to 2,550? F). The partially fused 
material, or clinker, is remo from the 
kiln and allowed to cool before being 
ground to powder. Ordinary cement is 
called Portland, the name derived from a 
resemblance to a naturally occurring 


stone. Essentially powdered calcium alu- 
minosilicate, its composition is 60 percent 
calcium oxide, 25 percent silica, and 5 to 
10 percent aluminum oxide. It may also 
contain variable quantities of Fe;Os. In 
the firing process, all water is removed, 
resulting in the formation of stable sili- 
cates and aluminates. The addition of 
water to cement causes a complex setting 
mechanism to take place, involving à 
series of hydration and hydrolysis reac- 
tions. 

Cement, like glass, is represented by 
various types, each with special charac- 
teristics. They differ with respect to set- 
ting speed, stress tolerance, and under- 
water durability. 


URANIUM AND THE 


TRANSURANIUM ELEMENTS 


OSION — The 


ATOMIC characteristic 
mushroorr d radioactive cloud emits 
highly lett ation into the atmosphere. 
The atomi ;»b consists of two masses of 
uranium-2 jlutonium. When the neutron 
Working pitchblende, the German 
chemist Klaproth recognized in 
1789 the nce of an unknown ele- 
ment. Ne | 1841, however, was the 
new elen isolated by the French 
chemist E eligot, confirming the ear- 
lier predi he new element, a metal, 
was name nium (U), for the planet 
Uranus. | 72 Mendeleev predicted 
and then ed that uranium was the 
heaviest naiural element. A few years 
later, the French physicist A. H. Becque- 
rel made important discovery that 
uranium was radioactive, thus laying the 


foundation for the systematic study of 
Spontaneous nuclear transformation. In a 
Sense, the dream of the alchemists had 
come true—one element could be changed 
into another. Only after the German 
Physicists O. Hahn and F. Strassmann 
discovered the fissionable properties of 
uranium in 1939 did the metal become 
industrially important. 

Yellow glass with a content of more 
than 1 percent uranium oxide, and dating 
back to a, 79, has been found near 
Naples, Italy. Thus, uranium has been 
used for centuries, although its properties 
Temained a mystery for a similar time. In 
More recent times, uranium ores were 
eed as a radium source for painting 
watch and instrument dials. Today, how- 
ever, uranium is of vital importance to 


shield holding these masses apart is ruptured, 
the quantity of fissionable material is able to 
exceed the critical mass, and an almost in- 
stantaneous high-energy explosion results. 


world commerce and politics. It has made 
possible the atomic bomb (an example of 
instantaneous fission) and the nuclear re- 
actor (controlled fission). The latter has 
made cheap electric power a reality, in 
addition to providing a powerful research 
tool for the study of the progenitors of 
matter. 

In atomic reactors, large numbers of 
neutrons are produced with a corre- 
sponding release of tremendous energy. 
Both the atomic bomb and nuclear reac- 
tors use the energy liberated by the nuclei 
of uranium-233 and uranium-235, and by 
plutonium isotopes of uranium-238. When 
one of these nuclei is struck by a neutron 
it splits into two lighter nuclei, simulta- 
neously liberating two or three other neu- 
trons and large amounts of energy. 
Graphically: 


fission 
QU +n> qU— WBa 
+ Kr + 25n + E. 


(The number to the lower left of each ele- 
ment is its atomic number, while the 
number to the upper left is its atomic 
weight. E is the energy released, in this 
case on the order of 200 Mev (million 
electron volts.) 

The nuclei formed in this reaction are 
not always the same, nor are the neutrons 
produced or the energy liberated con- 


the key to 
nuclear energy 


ATOMIC REACTOR—An atomic reactor cre- 
ates the possibility for controlled study of 
nuclear phenomena. The heart of an atomic 
reactor is shielded by thick layers of neutron- 
and radiation-absorbing material. 


stant. The magnitude of the energy re- 
leased is due to the fact that the sum of 
the masses of the reactants is greater than 
that of the fission products. The differ- 
ence in masses has been converted to en- 
ergy according to the relationships de- 
scribed by Einstein. 

In fission reactions, each nucleus pro- 
duces about 2.5 neutrons; these, in turn, 
cause similar reactions with other nuclei. 
The result is a chain reaction in which the 
entire mass is converted to fission prod- 
ucts in a few seconds. This phenomenon 
does not occur in nature since uranium- 
235 (fissionable uranium) accounts for 
only 0.71 percent of natural uranium ore. 
In the case of pure uranium-235 in small 
amounts, liberated neutrons outnumber 
those able to cause further decay. How- 
ever, when the weight of the material 
reaches a critical mass, the relation of 
neutrons to nuclei becomes unstable. As- 
suming each nucleus can liberate two 
neutrons, each of these can collide with 
two more nuclei. This process, taking 
place in a matter of seconds, continues 
geometrically until the entire mass fis- 
sions to cause an atomic explosion. This 
is the basis for the atomic bomb, in which 
two quantities of fissionable material, 
each of less than critical mass, are held 
apart by a neutron shield. When these 
two quantities are brought together, the 
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critical mass is exceeded to produce a nu- 
clear reaction as described. 

The explosion of an atomic device is 
termed an uncontrolled reaction. In nu- 
clear reactors, however, the number of 
neutrons versus the fissionable material is 
held in check, or controlled. The heart of 
a nuclear reactor consists of its “fuel’— 
uranium bars. The uranium may be either 
elemental, an oxide, or an alloy of the ox- 
ide. Alloys are used to improve the me- 
chanical characteristics of the bars, since 
they are required to withstand high tem- 
peratures. In any case, the nuclear fuel is 
surrounded by a moderator (such as 
graphite, heavy water, beryllium oxide, 
or silicon carbide) that reduces the speed 
of the neutrons. Uranium-235 is made to 
fission more easily with “slow” neutrons, 
while uranium-238, after being trans- 
formed into plutonium, fissions only with 
high-energy neutrons. 

To control the neutrons and prevent ex- 
plosions, materials such as cadmium that 
absorb neutrons are interspersed among 
the fissionable matter in reactors. De- 
pending on the amount of neutron-ab- 
sorbing material exposed to the neutron 
source, the reaction can be hastened or 
slowed as required. In order to protect 
the areas around the reactor from dam- 
aging radiation, thick shields of lead, 
concrete, graphite, or other substance sur- 
round the reactor. For a high-power re- 
actor without any shielding, personnel 
would have to remain at least five miles 
away to be safe from radiation. 


URANIUM-238 SERIES—The illustration graphs 
the transformation undergone by the elements 
of this series. The x axis represents the atomic 
numbers, the y axis the mass numbers of the 
isotopes. Each position gives the name of the 
radioisotope and its half-life. The arrows con- 
necting the positions indicate particle emis- 
Sion during transformation. 
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ORES AND PROCESSING 


The principal source of uranium is pitch- 
blende, a uranium oxide of variable 
composition, whose general formula is 
(UO;).(UOs), Deposits of industrial 
importance are widespread, occurring in 
the Democratic Republic of the Congo, 
Canada, the United States, Czechoslo- 
vakia, Portugal, and elsewhere. Second- 
ary sources are chiefly the phosphates, ar- 
senates, and vanadates, which contain 
other metals in addition to uranium. 
Among these ores are: brannerite, (U, Ca, 
Fe, Th, Y)3TisO16, found in the United 
States and Canada; davidite (Fe, Ce, U) 
(Ti, Fe, V, Cr)3(O, OH;), found in Aus- 
tralia; autunite, Ca(UO;)s(PO,)»- 10- 
12H50, and carnotite, K2( UO2)2( VO4)2- 
8H.0, both found in the United States; 
and tynyamunite, Ca(UO;)s(VO,)»* 
nHO, found in Siberia. 

Presently, only the richer uranium de- 
posits are mined, with the less productive 
sites being held in reserve for future 
needs. The estimated reserve of uranium 
is well into the millions of tons. This rep- 
resents a substantial energy source, since 
one pound of ?*5U has greater potential 
heat energy than 1,000 tons of coal. 

Uranium is extracted from its crushed 
ores by digestion in strong acids or alka- 
lis, the choice depending on the oxidation 
state of the metal and the nature of the 
ore. Acid solutions produce the uranyl 
ion, UO,*+, or the metallic U3+ and U* 
ions. The alkaline process employs so- 
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dium or ammonium carbonates and bj. 
carbonates to form salts of the uranyl 
carbonate complex [UO2(CO,);]‘-. The 
uranium is precipitated as the xU,O, 
compound by ion exchange or solvent ex- 
traction. It is further purified to the UO, 
oxide, and then reduced with hydrogen to 


UO», which can be used as nuclear fuel, 

When treated with hydrofvoric acid, 
the UO, produces UF,, wt can be 
fluoridated further to UF, former 
compound can be reduced t mentary 
uranium with calcium or enesium, 
UF, is used to enrich ?*5 
PHYSICAL AND CHEM! 
PROPERTIES 
One of the most dense of t) tals, ura- 
nium exists in the solid in three 
crystalline forms. Normalls id as the 
orthorhombic alpha form hanges at 
663° C (about 1,225? F) t etragonal 
or beta form. In turn, at 7 ) (about 
1,405° F) it is converted to samma or 
cubic structure, having a 1 g point of 
1,132° C (about 2,070° F ) 

Uranium's natural isotopi nposition 
is 99.27 percent ?"*U, 0.72 ent U, 
and 0.006 percent ?*'U, A 'r impor- 
tant isotope, *9U, is obtain from tho- 
rium by nuclear reaction. | imary use 
is as a reactor fuel. Illus m 3 is a 
transformation chart of ura 1-238, It is 
a very reactive metal, es; illy when 
finely powdered, in whic! it reacts 
with water and is pyrophor: elevated 
temperatures it forms azic ith nitro- 
gen and carbides with carb 

Uranium has a complex « istry that 
has been the subject of n research. 
Among its known compo: are ura- 
nium hydride (formed dir from the 
elements, and very reactive ıd several 
oxides, of which the most i: portant are 


UO», UOs, and U;Os. 

With lithium, uranates of the Li;U;Os, 
LijUO, and Li,UO; type are formed. 
Uranium readily forms compounds with 
the halides, of which the fluorides are 
examples: UFs, UF,, UFs, and UFs. It 
also forms many binary compounds with 
elements like B, C, N, P, S, As, Se, Si, and 
Te. Uranyl salts UO;?* are also quite 
common, the most important being uranyl 
nitrate. This is soluble in many organic 
solvents, a fact used to extract the nitrate 
from aqueous solutions. 


THE TRANSURANIUM 
ELEMENTS 


Because the half-lives of the more stable 
isotopes of the transuranium elements 
are so short, primordial quantities of these 


elements should have long ago disap- 
peared. However, traces of neptunium 
and plutonium have been isolated in ura- 
nium ores where they form according to 
the reactions: 


238 + n> 2U + y> 
239Np + B^ 239Py + B. 
These reactions have industrial applica- 
tion in the production of appreciable 
quantities of neptunium and plutonium. 
The discovery that the transuranium 
elements could be obtained in this way is 
of considerable historical interest. In 
1934, a team of physicists headed by En- 
rico Fermi found that a considerable 


number of radioactive substances could 
be obtained by the irradiation of ura- 
nium with neutrons. It was also discov- 
ered that some of the matter produced in 
this way did not possess any of the chem- 
ical properties of any known element. 
The existence of the transuranium ele- 
ments was thus postulated. Later re- 
search proved this hypothesis to be cor- 
rect. Then, when Strassmann and Hahn 
studied the products of the irradiation re- 
action, it was learned that the formation 
of “medium heavy" elements in these 
products was due to uranium fission. 
Only plutonium is more than a labora- 
tory curiosity, however, since neutrons 


cause a fission reaction enabling the use 
of polonium as a reactor fuel and in the 
production of atomic devices. The ele- 
ments following plutonium are obtained 
in reactors capable of producing very in- 
tense neutron streams. Traces of the ele- 
ments above number 96 can be obtained 
by bombarding plutonium, americium, 
and curium with the accelerated ions of 
boron, carbon, nitrogen, neon, or oxygen. 

It is only with difficulty that the phys- 
ical and chemical properties of these ele- 
ments can be studied since they are 
formed along with highly radioactive fis- 
sion products. Special equipment for han- 
dling by remote control, and methods for 
working with infinitesimal amounts had 
to be developed. In addition to the radia- 
tion hazard, plutonium is highly toxic, a 
dose of 10-* grams being fatal. Ameri- 
cium, neptunium, and plutonium can be 
separated by taking advantage of the fact 
that their compounds exhibit varying de- 


URANIUM ORES—Illustrations 4a and 4b are 
samples of autunite, a calcium uranyl phos- 
phate. The former shows the mineral in natural 
light, while the latter shows the fluorescence of 
the mineral under ultraviolet light. Pitchblende, 
also called uraninite, is the mineral in Illustra- 
tion 4c. Illustration 4d is uranocircite, a com- 
plex mineral of composition Ba(UO;);(PO.)s * 
8H;O. Finally, Illustration 4e is an example of 
torbernite, a copper uranyl phosphate often 
associated with autunite. 
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grees of solubility and volatility. They 
can be obtained in the metallic state by 
reduction of their fluorides with lithium 
or barium at 1,200? C (2,199? F). Nep- 
tunium's melting point is about 640°C 
(1,184? F), and plutonium goes through 
at least six phase changes before melting 
at 639.5? C (about 1,182? F). In each of 
the phases, the density, coefficient of ex- 
pansion, and hardness are different. All 
three elements form oxides, some having 
the same structures as the uranium oxides 
with which they are isomorphic. Their 
halides also correspond to uranyl halides. 
Beyond americium in the periodic ta- 
ble, little is known about the elements. 
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SODIUM 


Sodium compounds have been used by 
man for centuries, and are perhaps the 
oldest known materials. Sodium car- 
bonate is referred to in ancient texts, and 
over 2,000 years ago this compound was 
studied by the chemists of the time. The 
ancient Hebrews discovered the antisep- 
tic properties of sodium carbonate, using 
it as a dressing for wounds and to “cure” 
fevers. They called it neter from the He- 
brew for "effervescent." 

Later, the Greeks adopted the use of 
sodium carbonate, calling it natrium, a 
term also used for sodium nitrate. Subse- 
quently, the two salts were differentiated; 
the word natrium was kept for the nitrate, 
while the word natron was given to the 
carbonate. It is from the latter that the 
alchemists derived the symbol for the ele- 
ment: Na. 

The Arabs also discovered uses for so- 
dium carbonate, producing soap and 
glass from the marine “kali” plants that 
are rich in this salt. The name “kali” be- 
came the root for the term “alkali metals,” 
the group of elements containing sodium, 
potassium, lithium, rubidium, and ce- 
sium. 

During the Middle Ages, sodium car- 
bonate was called "soda" from the Latin 
solida. From the salt, the name was 
passed to the element; hence, sodium. 

In 1790, the English chemist Sir Hum- 
phry Davy first obtained metallic so- 
dium by heating the oxide NaO with 
carbon. Then, in 1807, he produced the 


SALT PANS—Because of its great reactivity, 
sodium is never found naturally in the free 
state. However, it is very abundant and wide- 
spread in combination with other elements. As 
sodium chloride, it is found in the oceans and 
in some inland lakes. The illustration shows 
Such a salt deposit. 


—————————— 


a long known and 
vitally important element 


ROCK SALT—Ancient seas, long since evap- 
orated, deposited layers of rock salt. The crys- 
tals of rock salt in the illustration are colored 
by metallic impurities. 


element by the electrolysis of molten so- 
dium hydroxide. 

While it forms numerous compounds, 
sodium is never found in the free state be- 
cause of its vigorous reactivity. Its best- 
known compound, sodium chloride, is 
found in large quantities in the oceans 
and in some inland lakes. For example, 
the Great Salt Lake in Utah contains so 
much salt that the lake's buoyancy is con- 
siderably greater than that of fresh water. 
Commercially important rock salt de- 
posits are the result of the evaporation of 
ancient lakes and seas. 

Of the salts found in the oceans, 30 per- 
cent are sodium salts. Nitrate deposits on 
the coast of Chile and carbonate deposits 
in Asia and Africa are plentiful sources of 
important compounds. 

The more important sodium minerals 
include cryolite, a sodium-aluminum flu- 
oride of which rich sources exist in Green- 
land; borax (sodium tetraborate); and 
the sulfate (Na;SO,). 

Physiologically, sodium chloride is vi- 
tal, for it maintains the proper electrolyte 
balance within the human body. 


PREPARATION OF METALLIC 
SODIUM 


Industrially, preparation of elemental so- 
dium is not too far removed from Davy’s 
method: electrolysis of the molten hy- 
droxide. A similar method involves the 
fused chloride. 

Hydroxide electrolysis is the primary 
method of preparation. In order to lower 
the compound’s melting point, sodium 
fluoride and calcium chloride are added 
to the hydroxide. With this mixture, melt- 
ing occurs at about 600°C (1,112° F) 
and the molten mass is electrolyzed with 
a graphite anode and an iron cathode. 
Because the molten sodium floats on the 


fused mass, it is easily separated. Ex- 
tremely pure sodium can be obts ined by 
distillation of the metal in a vacuum. 


CHEMICAL AND PHYSICA 


PROPERTIES 

Sodium is a silvery metal, ! ;ecause 
of its rapid oxidation in air rarely 
seen as such. Because of thi. activity, 
the metal must be stored aw: m con- 
tact with air—under oil, for ple. At 
elevated temperatures, sodiu: es off a 
violet vapor, and it burns wi! intense 
yellow flame. 

On contact with water, mc sodium 
reacts with extreme rapidit 'ompos- 
ing the water to form sodi: vdroxide 
and hydrogen: 2Na--2H,O NaOH + 
Hi. It also reacts strongly alcohol, 
yielding a sodium alcoholat d hydro- 


gen: 
2Na + 2ROH > 2RO^ Ha. 


In all its reactions, sodi: xhibits a 
+1 valence, a characteristic he Group 
IA elements. Metallic sodi: . is widely 
used as a reducing agent, a so effec- 
tive that it is often amal ted. with 
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METALLIC SODIUM— Metallic sodium is stored 
under oil because it oxidizes rapidly in dry air 
and forms the hydroxide in moist air. At room 
temperatures, the metal is soft enough to cut 
with a knife. 


AN EX jjON OF SODIUM—When ignited, 
metallic ium burns explosively and gives 
off a s: yellow light. 

mercur reduce the vigor of the re- 
action 1y organic syntheses make use 
of this (gam. 

SODI! PEROXIDE 

This ; ful oxidizer, NaO2 is pre- 
pared ^. eating sodium in a stream of 
oxygen. Jne of the uses of this com- 
pound i: in the manufacture of hydrogen 
peroxide, while its oxidizing properties 
make it suitable for use in bleaching tex- 


tiles. Since sodium peroxide absorbs car- 
bon dioxide, it is also used to purify air; 
one of the products of the purification 
reaction is oxygen: 


2Na;0, + 2CO2> 2Na;CO; + O2. 


SODIUM HYDROXIDE 
(CAUSTIC SODA) 


From an industrial standpoint, sodium 
hydroxide, NaOH, is a very important 
compound, It is prepared either by the 
electrolysis of sodium chloride solution 
or by treating sodium carbonate with 
calcium hydroxide. 

The electrolysis reaction requires a 
mercury cathode on which the sodium 
is deposited as an amalgam. This is 
then decomposed in pure water. The 
result is pure sodium hydroxide at a con- 
centration of about 60 percent: 


NaHg, + nHg + H:O 
> H+ NaOH + (n+4)Hg. 
The reaction between sodium carbon- 
ate and calcium chloride is one of simple 
substitution, although the sodium hydrox- 
ide obtained is considerably less pure: 


NazCO;+Ca(OH)2 > 2NaOH +CaCOs. 


The calcium carbonate, being less solu- 
ble, is precipitated, and the caustic soda 
solution filtered. 

Sodium hydroxide is a white, fibrous- 
looking, translucent solid; in an impure 
form it is known as household lye. It 
readily absorbs water from the air, be- 
coming a caustic liquid. The compound 
dissolves easily in water, giving off con- 
siderable heat, and solutions of sodium 
hydroxide readily attack glass, although 
metals such as silver, nickel, and iron re- 
sist its corrosive nature. Severe burns can 
result after contact with human skin, and 
sodium hydroxide should be considered 
at least as hazardous as sulfuric acid. 

In addition to its use in analytical 
chemistry, sodium hydroxide is used in 
large quantities in soap manufacture and 
in the making of paper, textiles, and dyes. 


SODIUM CHLORIDE 


Sodium chloride, NaCl, is common table 
salt, the best known and most widely 
used of the sodium compounds. When 
found as rock salt deposits, it is mined 
in the same way that other minerals are 
obtained, and can be used directly as the 
pure compound. 

Depending on the climate, the extrac- 
tion of salt from seawater is carried out 
in different ways. In cold countries, the 
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CRYSTAL STRUCTURE OF SODIUM CHLO- 
RIDE—This structural model shows the octa- 
hedral arrangement of the sodium and chlorine 
ions in a crystal of sodium chloride. 


CRYSTALS OF TABLE SALT (SODIUM CHLO- 
RIDE)—Sodium chloride is of fundamental 
dietary importance. It is also used as a pre- 
servative of foodstuffs and as the starting point 
for the preparation of many sodium compounds. 


salt-laden water is allowed to freeze in 
large pans. Since fresh water freezes at 
a higher temperature than salt water, the 
ice that forms is removed. The remain- 
ing solution is allowed to freeze again, 
further concentrating the salt. Finally, 
the concentrated solution is evaporated 
in special boilers. 

In warmer climates, the seawater is 
allowed to evaporate from pans or reser- 
voirs exposed to the sun's heat. As the 
water evaporates, the salt concentration 
becomes greater, and the liquid is placed 
in other basins where less soluble salts 
are deposited. Since sodium chloride is 
very soluble in water, it is the last to be 
deposited, and the result is a very pure 
substance. 

The solubility of sodium chloride is 
about the same in either hot or cold 
water. Therefore, it can be crystallized 
only by concentration. Sodium chloride 
crystals are members of the cubic crystal 
system. Though generally clear to trans- 
lucent, they may be tinged with color due 
to the presence of metallic impurities. 

Almost any sodium compound can be 
prepared from the chloride. Salt is, there- 
fore, one of industry's most essential raw 
materials. It is also one of the basic in- 
gredients in human nutrition and is used 
as a preservative for food and skins, to 
make soap, in glass manufacture, and in 
a host of other materials. It is also used in 
the glaze and enamel trades. 
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TABLE SALT AND THENARDITE— Table salt 
is nothing more than sodium chloride, NaCl, 
commonly seen as small crystals as in Illustra- 
tion 7a. The sodium mineral thenardite seen 
in Illustration 7b is anhydrous sodium sulfate, 
Na;SO,. This mineral can be found in the form 
of bipyramidal crystals. 


SODIUM SULFATE 


This compound, Na;SO,, is found in 
large deposits in Spain, Siberia, and Italy. 
In the laboratory the compound is easily 
prepared by an exchange reaction be- 
tween two salts such as magnesium sul- 
fate and sodium chloride: 


MgSO, + 2NaCl ^ NaSO; + MgCl. 
Sodium sulfate has medicinal uses as 


well as use as a raw material in the glass 
and dye industries. 


SODIUM SULFITE 
AND SODIUM BISULFITE 


Sodium sulfite, Na;SO;, is a weak bleach 
for wool and silk and is used in photog- 
raphy to dissolve silver salts. The bisulfite, 
NaHSO,, is used in making dyes, in tan- 
ning, and as a preservative for wine. 
Sometimes this compound is added to 
meat to improve its color. 


SODIUM CARBONATE 


Of all the alkali metal salts, sodium car- 
bonate, NaCO, is undoubtedly the 
most important industrially. The com- 
pound is contained in certain marine 
plants and in some rocks as a mineral. 
Deposits are found in Africa and Asia 
where the carbonate is often accom- 
panied by the bicarbonate in the double 
salt: NayCO; - NaHCO; : 2H;0. 

While sodium carbonate used to be 
produced on an industrial scale by the 
LeBlanc process, the cheaper and sim- 
pler Solvay process now produces all in- 
dustrial carbonate. In this process, a satu- 
rated solution of sodium chloride is first 
treated with ammonia and then with car- 
bon dioxide: 


NaCl + NH,HCO; > NH,CI 4- NaHCO;. 


The products of this reaction are then 
heated to yield sodium carbonate, carbon 
dioxide, and water: 


2NaHCO; > Na;CO; + CO. --H;O. 


The liberated carbon dioxide is further 
treated to yield ammonium bicarbonate. 

Solvay soda, as sodium carbonate pro- 
duced in this way is called, is used to 
make a wide range of goods, among them 
soap and glass. 

Another well-known sodium salt is the 
bicarbonate, the cook’s baking soda. 
When extremely pure, sodium bicarbon- 


ate is used medicinally to neu: 


cessive stomach acidity, rea 
weak base with the stomac 
chloric acid: 


NaHCO; + HCl ^ NaCl + H 


Externally, a paste made of 
sodium bicarbonate is used : 
treatment for minor burns 
the ability of the carbonate 
cipitate calcium and mag: 
sodium bicarbonate is ofte 
water softener. 

Sodium carbonates form 
ents of many mineral wat 
as the principal saline comp: 
tron lakes, as efflorescence 
Egypt, Iran, and China, an 
Mexico, Colombia, and Ven: 
mous deposits of carbonat 
some cases with sulfate an 
ride, occur in California, ! 
Wyoming. 


SODIUM THIOSULFATE—One 
properties of this compound | 
make a "freezing" mixture thr 
uration. If 20 g of the salt are « 
ml of water, the solution becc 
agitation causes crystals of 
Na:S:0;, to form. 
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AR SENIC | medicine and malevolence 


In his ook De Arsenico, the Swedish 
chemist T. O. Bergman noted in 1777 
the pr: sbility that arsenic was the first 
elemer to be discovered by the roasting 
or smc «ug of its ores. When these ores 
are he «d, dense fumes with strong, 
garlic! odors are given off. Long be- 
fore | san, however, the Greeks were 
famili vith arsenic ores. Aristotle's 
Meche ^s! Problems mentions arsenic 
sulfide hich he called orpiment. Both 
Theop! tus and Dioscorides also rec- 
ognize:! ‘he existence of arsenic com- 
pounds | he Greek word arsenikon, from 
which name derives, means "mascu- 
line” (ənd, indirectly, “virile or strong") 
—from \ belief that metals were of dif- 
ferent j 

The ents always confused the ele- 
ment \ its compounds, however, and 
it was ^o! until the thirteenth century 
that t! ‘erman scholar and scientist 
Albertus Magnus obtained the free ele- 
ment |, heating arsenous sulfide with 
soap. I» ‘417, the Swedish chemist J. J. 
Berze! udied the reactions of arsenic 
with va: us elements. 
ORES 2 PROCESSING 
METHODS 
Though sot abundant, arsenic is widely 
distributed in nature. Traces can be 


found i; organic matter, and often in 
ordinary tap water. Rarely found in the 
native state, arsenic generally exists as an 
arsenide and a sulfarsenide. Almost all 
metallic sulfides contain a certain amount 
of arsenic. Many of the pyrites (FeSs), 
for example, which are used in the pro- 
duction of sulfuric acid, contain arsenic 
impurities. 

Arsenic's most important ores are orpi- 
ment (As;S,), realgar (AsoS2), and ar- 
senopyrite (FeAsS). Commercial de- 
Posits are found in California, Mexico, 
Canada, England, and East Germany. 
The trioxide ( As;O;), called arsenolite, 
has a garliclike odor and is formed by the 
action of the atmosphere on other arsenic 
ores. In certain instances arsenolite is 
oxidized to soluble arsenates, thus find- 
ing its way into water supplies. 

The element is obtained in a number 


of ways, one of which is the heating of 
arsenopyrite in the absence of air. In this 
process, the arsenic sublimes and is col- 
lected on the relatively cool walls of the 
roasting ovens while iron sulfide remains 
as “clinker” 

4FeAsS > 4FeS + As,. 


The same ore, roasted in the presence 
of air, also produces the element, but as 
an intermediate to be further reduced: 


4FeAsS + 100. 2Fe203+ 4802+ As,Os. 


1 


ORPIMENT—Known since ancient times, orpi- 
ment is one sulfide of arsenic. Its crystals are 
monoclinic, and are generally found as micro- 
crystals. Bright yellow in color, orpiment has 
an almost metallic luster and turns red when 
heated. 


REALGAR—This mineral, also an arsenic sul- 
fide and monoclinic in crystalline form, is 
characterized by its red color and metallic 
luster. Realgar was widely used as a pigment 
during the Middle Ages. 


The ferric oxide remains in the ash, the 
sulfur dioxide escapes as a gas, and the 
arsenic trioxide sublimes on the walls of 
the ovens. To form the element, the tri- 
oxide is then collected and reduced with 
carbon: 


As40, + 6C > 6CO + Asy. 


Most industrial arsenic is produced in 
the United States and Sweden. Long used 
as a rodenticide and insecticide, arsenic 
is now finding increasing use in the elec- 
tronics industry as a “doping agent” in 
transistors and other semiconductor de- 
vices. Recently, an alloy of the metal 
with gallium has been used to produce 
low-cost lasers capable of converting 
electricity into coherent light. 

Because arsenic is a higher homolog 
of phosphorus, arsenic remembles it both 
chemically and physically. Like phos- 
phorus, it has several allotropic elemen- 
tary forms. Yellow arsenic has a cubic 
structure and is as soft as wax. This 
form is obtained by cooling the white 
fumes of arsenic vapor with liquid air; 
the product is unstable. 

Gray arsenic is orthorhombic in struc- 
ture, is stable at room temperatures, and 


i 


ERYTHRITE—Also known as cobalt bloom, 
erythrite is formed by the oxidation of cobalt 
arsenide. It is an arsenite with the formula 
Co;(AsO;); : 8H;O, and is found throughout 
Europe. 
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SILVER ARSENATE—This illustration shows 
the brown-red silver arsenate precipitate that 
results from the reaction between arsenic acid 
and silver nitrate. The chemical behavior of 
the arsenates is similar to that of the phos- 
phates. 


in many respects behaves like a metal. 
It possesses a characteristic metallic lus- 
ter, and conducts electricity to a mod- 
erate extent. 

A third allotrope, black arsenic, is pro- 
duced by passing arsine (AsHs) gas 
through a heated glass tube. This amor- 
phous form, however, is unstable, con- 
verting to the metallic form above 200° C 
(392° F). 

In all probability, elementary arsenic 
is a tetratomic molecule arranged in 
tetrahedral form. The element is rather 
reactive. When heated in air, arsenic 
burns with a blue flame, evolving dense 
white, garliclike fumes of the trioxide. 
Most arsenic compounds are highly toxic, 
and extreme care must be exercised in 
their use. 

The halogens attack arsenic readily, 
producing trihalides. Arsenic reacts with 
nitric acid to yield arsenic acid, but is 
inert in the presence of dilute or reduc- 
ing acids. Arsenic alloys with many 
metals, and lead containing about 1 per- 
cent arsenic forms almost perfectly spher- 
ical shot. Copper and brass take on 
added hardness when small amounts of 
arsenic are added. 


THE CHEMISTRY OF ARSENIC 


Arsenic has valences of —3, +3, and +5, 
making it a typical member of the Group 
V elements. In the —3 state, arsenic forms 
arsine, a highly toxic gas. The compound 
oxidizes rapidly, and shows a similarity 
to ammonia (NH;) and phosphine (PHs). 

Trivalent (+3) arsenic forms arsenious 
oxide or arsenic trioxide (As;Os and 
As3Og, respectively). The trioxide, when 
dissolved in water, produces a weakly 
acidic solution, no doubt due to the 
formation of a hydroxide, As(OH)s, or 
arsenious acid, HAsO. These com- 
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AMMONIUM ARSENOMOLYBDATE—An ex- 
cess of ammonium molybdate added to a 
nitrated solution of arsenates yields a com- 
plex, yellow, crystalline precipitate of am- 
monium arsenomolybdate when boiled. This 
precipitate, with the formula (NH.)3AsO, - 
12M00;, dissolves in ammonia and alkaline 
solutions. 


———————— 
pounds are amphoteric, reacting either as 
acids or bases. As an acid, arsenic pro- 
duces trivalent salts; as a base, arsenites, 


One of the qualitative tests for the 
presence of arsenic invol bubbling 
hydrogen sulfide (HS) thro zh a solu- 
tion of arsenate salts. The £ ation of a 
brilliant yellow precipita JÉ arsenic 
sulfide, As;Ss, is a strong cation of 
the presence of arsenic. 

One of the halides of tri it arsenic 
is the trichloride, AsCly. T! »mpound, 
like the other arsenic halid obtained 
by direct synthesis or by action of 
hydrochloric acid on arse: ioxide: 


AsO; + 6HCI > 2As( )H30. 


Arsenic trichloride is a less, oily 
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MAGNESIUM-AMMONIUM ARSENATE—This 
compound is the result of reacti magnesium 
chloride and arsenic acid in the presence of 
ammonium chloride and ammonia. It is used 
in the quantitative determination of arsenic 
acid. 

menun 


liquid, very poisonous, and unstable in 
air. 

Copper arsenites were once used as 
wallpaper dyes, called Scheele’s green or 
Schweinfurt green. These compounds are 
no longer legal for such use because they 
are attacked by a mold (Penicillium 
brevicaule) that liberates poisonous 
arsine. 

The major compounds of pentavalent 
arsenic are the pentoxide As2Os, arsenic 
acid H;AsO,, and the arsenate salts of 


AMMONI 


3 CHLORID 


this acid. Like phosphoric acid, arsenic 


acid tribasic, although somewhat 
weaker. it has oxidizing properties, and 
can lil -vate iodine from iodides. 

Con unds of trivalent arsenic are 
distin «hable from those of pentavalent 
arseni treating them with silver ni- 
trate ion. Trivalent arsenites form 
canar low silver arsenite, AgsAsO;, 
while :senates form silver arsenate, 
AgsA brownish-red compound. 


Ar entachloride may be formed 


when iic trichloride and chlorine 
react v temperature; if so, the sub- 
stance istable above —30° C. 
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GALLIU RSENIDE MONOCRYSTALS—The 
small o at the left in the illustration is a 
Seed for larger gallium arsenide crystals. 
This corr ind is of tremendous importance 
in the menufacture of transistors and semi- 
conductor lasers. 


PHYSIOLOGICAL PROPERTIES 
OF ARSENIC COMPOUNDS 


The use of arsenic as a poison is legend- 
ary, its compounds having the dubious 
honor of being the fatal poison in a num- 
ber of famous murder cases. Often, these 
compounds are tasteless. Today, how- 
ever, analytical techniques are such that 
minute traces of the element can be de- 
tected. 

While all arsenic compounds are poi- 


sonous to some extent, antidotes for ac- 
cidental poisoning are readily available. 
These counteragents include calcium hy- 
droxide, Ca(OH)s, magnesium sulfate, 
MgSO,, and ferric hydroxide, Fe( OH);, 
all of which form insoluble precipitates 
with arsenic. Generally, trivalent arsenic 
compounds are more poisonous than the 
pentavalent forms. 

Some of the organic derivatives of 
arsenic deserve special mention. Derived 
from arsine, these compounds have the 
hydrogen atoms replaced with organic 
groups and halogens. Examples are some 
of man's first chemical weapons—methyl- 


ARSENIC TRISULFIDE—When hydrogen sul- 
fide is bubbled through an arsenic solution, 
the bright yellow precipitate of arsenic trisul- 
fide results. In qualitative analysis, this is a 
standard test for arsenic. Orpiment is the 
mineral form of arsenic trisulfide. 


dichloroarsine (AsCl;CHs) and diphen- 
ylchloroarsine AsCl(CgHs)2—both used 
in World War I. 
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SILVER ARSENITE—Arsenious acid is pro- 
duced when arsenic trioxide is dissolved in 
water. If silver nitrate is added to this solu- 
tion, a canary-yellow precipitate of silver 
arsenite is formed. This test is used in quali- 
tative chemical analysis to distinguish arseni- 
ous salts from arsenic salts, the latter produc- 
ing a brownish-red precipitate. 


Although arsenic compounds have 
been used as killers, certain arsenic com- 
pounds are life-savers. One example is 
sodium para-aminophenylarsenate, com- 
monly called atoxyl: 

H.N <> AsO; HNa. 

It has been used to treat sleeping sick- 
ness since the day of the German physi- 
cian and bacteriologist Robert Koch. An- 
other medicinal use of arsenic is in the 
treatment of venereal disease. Koch him- 
self called arsphenamine (trademark 
Salvarsan) a “magic bullet” in describing 
the manner in which it attacked and 
destroyed the syphilis spirochete. The 
formula of arsphenamine is 
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BISMUTH | pharmacology and metallurgy 
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BISMUTHINITE—The most important mineral 
of bismuth is this sulfide with the formula 
Bi.S3. The strata of the mineral shown here 
have a characteristic gray color and a metallic 
sheen. 


This somewhat soft, crystalline metal, 
which resembles lead, is the last mem- 
ber of the Group VA elements. Though 
its discovery cannot be traced with accu- 
racy, bismuth (Bi) may well have been 
known to some ancient civilizations—but 
confused with lead or antimony. In the 
mid-eighteenth century, the French 
apothecary and chemist Claude Geoffroy 
the younger demonstrated the metal to 
be distinct from lead. The name bismuth 
is generally recognized to come from the 
German Weisse Masse, meaning “white 
mass,” later corrupted to Wismuth. 

The element is not naturally abundant, 
but is found in both the elemental and 
combined states, notably as the sulfide 
and oxide. Important bismuth and bis- 
muth compound deposits are found in 
South America, Korea, Australia, and 
Sweden. In the United States, the metal 
is obtained as a by-product of the refin- 
ing of other metals, primarily lead, cop- 
per, tin, silver, and gold ores. 


PREPARATION 


Today, most of the world’s supply of bis- 
muth comes from the refining of other 
metals. However, it can be obtained by 
direct reduction of the mineral bismite, 
Bi»Os, with carbon. The oxide itself is a 


result of roasting the sulfide, bismuthin- 
ite, Bi;Ss. Still another commercial source 
is the melting of a bismuth salt in asso- 
ciation with alkalis and potassium cya- 
nide. The typical reactions are: 


2Bi;S; + 902> 2BiOs + 6S0; 
Bi,O; + 3C > 2Bi + 3CO (1) 


2BiOCI + 2KOH + 3KCN 
> 2Bi + 2KCl + 3KCNO + H,O. (2) 


If obtained as a by-product of other 
metallurgical processes, refining to obtain 
pure bismuth involves solution of the im- 
pure metal in nitric acid, followed by 
electrolysis of the nitrate. 

In the pure state, bismuth is a white, 
crystalline solid with a pinkish tinge. 
Like antimony, which precedes bismuth 
in Group VA, it is a brittle metal and has 
a relatively low melting point. Its coeffi- 


A CHARACTERISTIC REACTION OF BISMUTH 
—The test tube in Illustration 2a contains a 
solution of bismuth nitrate. By adding potas- 
sium iodide, a simple exchange reaction occurs 
and a black precipitate of bismuth iodide is 
formed (Illustration 2b). If an excess of the 


2a 2b 


cient of thermal conductivity 
est of any metal except mercu 


muth has a very high electrica! 


CHEMICAL PROPERTIES 


All of the VA elements (nit 
phorus, arsenic, antimony, ar 
have five electrons in their 
shell. Thus, it would app: 
would have a +3 valence i 
stable state. Such is not the 
ever, for the first four elen 
group can achieve stability 
giving up some or all of the fis 
or by gaining three to compl: 
Bismuth demonstrates its gre 
ity in the 43 state, though 
hibits a +5 valence. Furth: 


muth is the most metallic of t} 


in this group. 


potassium iodide is added to t 
it dissolves to become the comp! 
(Illustration 2c). Such a reaction 
alytical chemistry to test for the 
bismuth. 
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BASIC B! TH NITRATE—Sometimes called 
bismuth r ery, this is one of the most com- 
mon bism mpounds. It is used in making 
cosmetic iso has medical applications. 

At nor om temperatures, bismuth 
does not e, although heating causes 
the triox form. The metal is readily 
dissolved iitric and sulfuric acids to 
form the vective nitrate and sulfate, 


but rea: th the halogen acids only 


when the utions are hot. In this con- 
text, bismut) combines readily with the 
halogens, jorming the appropriate salts 
by direct reaction. 


COMPOUNDS OF 
TRIVALENT BISMUTH 


Bismuth oxide, Bi;Os, is a yellow-brown 
powder that results from the burning of 
the metal. The oxide is also a product of 
the heating of bismuth salts to red heat: 


A 
Bip(CO3)3 > BigO3 + 3COx. 


The oxide is stable and insoluble in either 
water or alkaline solutions. The com- 
pound will dissolve in acids, on the other 
hand, forming Bi** or BiO* ions. 
Bismuth hydroxide, Bi(OH)s, cannot 
be prepared from the oxide because of 
the latter's insolubility in water or bases. 
This compound is obtained by reacting 
a bismuth salt (BiCls, for example) with 


an alkali in the absence of heat. 

Bismuth forms compounds with all of 
the halogens, either by direct synthesis 
or by reacting the metal or its salts with 
the appropriate acids. For example, the 
chloride can be made directly from the 
elements or by treating bismuth oxide 
with hydrochloric acid. Third, dissolu- 
tion of the metal in aqua regia gives the 
same result. In any case, the chloride is 
rather unstable, and dissolves in water to 
form the hydroxychloride Bi(OH),Cl. 
The chloride also dissolves in organic 
solvents. 

Bismuth fluoride is produced by evap- 
orating the product of the reaction be- 
tween the oxide and hydrofluoric acid. 
This compound, unlike the chloride, is 
quite stable, with a melting point in ex- 
cess of 725? C (1,337? F). While insolu- 
ble in cold water, it dissolves in many 
inorganic acids. Both the bromide and 
iodide can be prepared by treating a bis- 
muth salt with the alkali halides. 

Another important salt of trivalent 
bismuth is the nitrate, Bi( NOs)s © 5H20. 
This compound is extremely hygroscopic, 
rapidly hydrolyzing to the basic nitrate, 
BiONO, - H:O. The basic nitrate finds 
use in medicine, as does the sulfate. Cer- 
tain compounds used to combat indiges- 
tion contain these bismuth salts. 

While most bismuth compounds are 
formed by the trivalent ion, a small num- 
ber of pentavalent materials exist. These 
are generally unstable, and they have 
limited use. Examples worth noting are 
the pentafluoride and the pentoxide. The 
latter is used as an oxidizer in analytical 
chemistry. 


USES OF BISMUTH 
AND ITS SALTS 


One of the most common uses of this 
metal is in alloys with low melting points. 
Ordinary electrical fuses are everyday 
examples of this application. The most 
widely used bismuth alloys are Rose 
metal, composed of two parts Bi, one 
part Pb, and one part Sn; its melting 
point is 93.7° C (about 199? F). Another 
bismuth alloy is Wood's metal, composed 
of four parts Bi, two parts Pb, one part 
Cd, and one part Sn; its melting point is 
655° C (about 149° F). A third alloy is 
Newton's metal, composed of eight parts 
Bi, five parts Pb, three parts Sn; its melt- 


ing point is 94.5? C (about 201? F). 

Pharmaceutically, bismuth compounds 
have been used since the sixteenth cen- 
tury. Particularly, the compound known 
as bismuth magistery—the basic nitrate— 
was used indiscriminately and perhaps 
caused more harm than good. In general, 
bismuth salts are astringent and are 
harmless in small quantities because the 
human body eliminates them faster than 
they can be absorbed. However, before 
barium replaced bismuth in radiology, 
the large quantities of bismuth salts nec- 
essary for x-ray examination were the 
cause of severe poisoning. 

Organic bismuth compounds are used 
as medicants for wounds and in burn 
treatment. 


LOW MELTING ALLOYS—One of the primary 
uses of bismuth is in alloys that melt at very 
low temperatures, many below 100? C (212? F). 
Rose metal (Illustration 4a) is composed of 
bismuth, tin, and lead in the ratio 50:25:25, and 
has a melting point of 93.7? C (about 199? F). 
The alloy in Illustration 4b is Wood's metal, 
with a melting point of 65.5? C (about 149° F). 
Its composition is 50 percent bismuth, 25 per- 
cent tin, and 12.5 percent each of lead and 
cadmium. 
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TIN the metal 

that cries 
Known to the ancients, the element tin 
was obtained in a relatively pure form 
and used in making alloys, particularly 
bronze. Egyptian bronzes dating back to 
2000 s.c. are not uncommon, but tin was 
undoubtedly known much earlier. The 
symbol of tin, Sn, comes from the Latin 
stannum. 

Elementary tin is not too common in 
the Earth's crust, although the oxide, cas- 
siterite, is quite abundant and fairly 
widespread. Considerable amounts of 
the mineral were mined by the Phoeni- 
cians in England, but the true growth of 
the tin industry began around 1500 at 
these ancient mining sites. Today, most 
of the world's supply of the element is 
found in Malaya, Bolivia, Indonesia, the 
Democratic Republic of the Congo, Ni- 
geria, and Thailand. 

Cassiterite, SnO», is the primary ore of 
tin, and the compound is found as tetrag- 
onal crystals. In nature, because of iron 
impurities, the normally white oxide is 
darkly colored. To extract the metal, the 
sand containing the cassiterite is en- 
riched and roasted at a temperature 
above 1,100? C (2,012? F) to remove sul- 
fur and arsenic impurities. The mass is 
then reduced with carbon in a reverbera- 
tory kiln to obtain the elementary ma- 
terial: 


SnO; + C > Sn + CO». 


The remaining slag, from which the tin 
has been separated, is reworked in a simi- 
lar manner to recover as much of the 
metal as possible. Finally, the tin is re- 
fined at lowered temperatures such that 
any remaining impurities collect as lumps 
that are readily separated from the 
molten metal. 

Elementary tin is a silver-white, crys- 
talline metal with a low melting point of 
231.9° C (about 450° F). Its crystalline 
Structure is revealed by washing the 
metal with hydrochloric acid, and it is 
the breaking of the crystals that causes 
the metal to "cry" when a bar is bent. 
Because it is quite ductile and malleable, 
tin can be drawn into fine wire and rolled 
into thin sheet—the familiar tinfoil. 

There are three crystal modifications 
of the element, known respectively as œ 
tin (cubic, gray), B tin (tetragonal, 
white), and y tin (rhombic, white to 
silvery), The phase in which the metal 
is found is dependent on temperature: 

18.2¢ 161° 232° 


aSn Sn >ySn > Sn (liquid). (1) 
Both the alpha and beta modifications 


have very compact atomic structures, the 
latter having a density greater by a factor 
of about 0.5 due to a more compact 
atomic arrangement. 

At low temperatures, white tin changes 
to the gray form, although it may exist 
in a metastable phase even at 0° C (32° 
F). However, the presence of even trace 
amounts of the gray variety will catalyze 
the transition and turn an entire mass of 
tin to powder over a period of time. This 
phenomenon is called “tin pest” or “tin 
disease,” and the results of this transfor- 


mation can be seen on the orga: 
old cathedrals. At the low w 


peratures encountered in 
churches, the tin pipes develo; 


like growths. Originally, these © 


uted to the devil, then to micr 
Now, however, the destructio 
to have been caused by a sir: 
in structure. 

At ordinary temperatures, 
ble metal in air. Intense he 
ever, causes the metal to bu 
intense light accompanied by 


TIN AND ITS MOST IMPORTANT MINERAL— 
Illustration 1a shows tin crystals under polar- 
ized light. (130 X) The dark crystals in Illustra- 
tion 1b are cassiterite, the most important tin 
mineral. The ordinarily white oxide is colored 
by the presence of iron impurities. Such im- 
purities often give rise to twinning—the associ- 
ation of two or more crystals of the same 
species. The specimen in Illustration 1c is cas- 
siterite with quartz, from a deposit in Cornwall, 
the site of ancient Phoenician mines. 
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tion of cassiterite, SnO», The metal is 
soluble in both acids and bases. For ex- 
ample, treatment with hydrochloric acids 
produces 2 chloride by simple exchange. 
In alkaline solutions, stannates are formed 


with a concurrent evolution of hydrogen. 
Solutions tannous salts, when reacted 
with zinc m metallic tin with an un- 
usual nec haped structure. 

The o: n states of tin are +2 and 
+4, and element is a member of 
Group T ı the periodic table. 

USES 

Because bits good resistance to or- 
dinary : , tin is widely used to 
plate ba tals for protection and to 
make sp: d containers. The familiar 
tin can i sheet plated with a thin 
coating í This forms a protective 
barrier à: t the action of most solu- 
tions usec e preservation of food be- 
cause of t rmation of a passive oxide 
on the tir vever, should the tin plate 
be scratc! r otherwise damaged, the 
underlyin n corrodes very rapidly 
due to ga! action. 

In thin (tinfoil), the metal was 
used for years for making mirrors 
and as à per for foodstuffs. Foil is 
also used isively in the electronics 
industry »mpact form of electrical 
conducto 

A cons le amount of tin is used 
to make : Solder, for example, con- 
tains alm jual portions of tin and 
lead, and ixture melts at a tempera- 
ture consi ly lower than that of the 
componen 

As an a ım with mercury, tin can 
be plated ov “lass and as such is used to 
make Ver n mirrors. Alloyed with 
metals suc s antimony and zinc, tin 
forms a fusible metal used for making 
bearings anc mountings. 


Because of its unique properties, tin is 
used more widely than any other metal. 


BRONZES 


Discovered by the ancients, bronze is a 
yellow-gold alloy of tin and copper and 
has given its name to a prehistoric time— 
the Bronze Age. 

Copper containing up to 10 percent tin 
creates an alloy that is very resistant to 
Corrosion, is malleable, and possesses 
good mechanical properties. Tin in per- 
centages above 10 percent increases the 
mechanical properties but decreases mal- 
leability, 

One of the most common and impor- 
tant of the bronzes is bell metal. Com- 
Posed of copper (75 percent), tin (25 
Percent), and traces of lead and zinc, 


this alloy has a gray color, melts easily, 
has a fine granular structure, but is some- 
what fragile. However, the metal is quite 
hard and has excellent resonant qualities. 

Other bronzes, each with characteristic 
applications, are: gunmetal (90 percent 
copper, about 10 percent tin, and traces 
of zinc); phosphor bronze, made from 
ordinary bronze with a trace of phos- 
phorus, is harder than the simple alloy 
and is used to make materials with high 
tensile strength; and a type of bronze 
containing 5 percent zinc and 2 percent 
lead used for decorative purposes. The 
last can be worked with a chisel, and 
readily forms a patina that simulates an- 
cient bronze. 


COMPOUNDS OF TIN 


The two valences of tin, +2 and +4, form 
stannous and stannic compounds, re- 
spectively. Stannous oxide, SnO, is a 
black powder that readily oxidizes to 
white stannic oxide, SnO», at normal 
temperatures. Corresponding to the +2 
oxide is stannous hydroxide, easily ob- 
tainable from the reaction between stan- 
nous chloride and sodium hydroxide: 


SnCl + 2NaOH > Sn(OH); + 2NaCl. 


Adding an excess of the sodium hydrox- 
ide causes the formation of sodium stan- 
nite: 


Sn(OH)2+2NaOH > Na2SnO2 + 2H;O. 


Stannous sulfide, SnS, is a dark brown 
precipitate resulting from the reaction 
between a solution of stannous chloride 
and hydrogen sulfide. This reaction is 
sometimes used as a qualitative test for 
tin. 
In the +4 state, tin oxide is the famil- 
iar cassiterite, SnO», Found naturally, it 
can also be prepared by burning elemen- 
tal tin in air. This compound, when fused 
with sodium hydroxide, forms the cor- 
responding stannate, Na2SnO3. 

Stannic chloride, SnCl, is a liquid 
that fumes strongly when exposed to air. 
It is formed easily by direct synthesis of 
the elements. Added to hydrochloric 
acid, stannic chloride produces chloro- 
stannic acid: 

SnCl, + 2HCl ^ H2SnCls. 


The double salt, SnCl 2NH,Cl, is 
widely used as a mordant in the textile 
industry. 

Bien sulfide can be formed by the 
reaction of stannic salts with hydrogen 
sulfide. This yellow amorphous mass, 
when in the form of light, gold-colored 
sheets produced by sublimation, is called 
mosaic gold. It has been used for arti- 


ficial gilding. 
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TIN AS PIPE AND A SMALL BAR 


A quantitative test for stannic salts in- 
volves treating a solution of the salt (the 
chloride, for example) with a measured 
quantity of auric chloride, AuCls. This 
results in the formation of a negatively 
charged stannic acid hydrosol that, by 
co-precipitating with the , positively 
charged gold hydrosol, creates a purple- 
red suspension. 


MIDDLE BRONZE AGE WEAPONS, CIRCA 
1500 B.C. 
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STRONTIUM AND BARIUM | 


Strontium (Sr) and barium (Ba) are 
members of the alkaline-earth family of 
elements, and share their membership 
with beryllium, calcium, magnesium, and 
radium. “Alkaline” refers to a similarity 
of chemical characteristics demonstrated 
by the alkali metals, while “earth” de- 
rives from the alchemical term for sub- 
stances insoluble in water. The latter is 
a property of several barium and stron- 
tium compounds, 

The history of barium dates from 1770 
when the Swedish chemist, Carl Scheele, 
while working with manganese dioxide, 
discovered a mineral that exhibited 
unique chemical properties. By reacting 
impure manganese dioxide with sulfuric 
acid, Scheele produced a heavy white 
precipitate, but was unable to explain its 
origin. Because this new compound was 
highly insoluble, he called the impurities 
in the manganese dioxide “heavy earth.” 
Ten years later, one of Scheele’s students 
found the impurities to be carbonate, 
which he called “witherite.” The term 
“heavy earth” was changed to barium 
(from the Greek word barys meaning 
"heavy"). Not until 1808, however, was 
the metal isolated for the first time, by 
the English chemist Humphry Davy. 


—— 
BARITE MINE—This Illustration shows an al- 
most vertical pillar of stratified barite at a 
depth of about 2,000 m (about 6,700 ft). The 
most commercially important barite deposits 
are in Germany, England, and the United 
States. 


The history of strontium somewhat 
parallels that of barium. Its existence was 
deduced by the Scotsman Thomas Hope 
in 1790, While studying some minerals 
found at Strontian in Argyll, Scotland, 
Hope discovered a compound similar in 
many ways to witherite (barium carbon- 
ate), the only difference being the un- 
known’s reaction with hydrochloric acid. 
He correctly surmised that a new ele- 
ment, similar to barium, was responsible 
for a product differing from barium chlo- 
ride. Shortly thereafter, Davy success- 
fully isolated and studied strontium and 
delineated those few chemical character- 
istics that distinguish it from barium. 


BARIUM 


Of those elements having atomic num- 
bers greater than 100, barium is the 
most common in the Earth’s crust. It is 
found primarily as barite (BaSO,) and 
witherite (BaCO;). The carbonate, when 
treated with appropriate acids, is the 
major source of barium salts. 

Barium not only occurs as mineral ores, 
but is also found in appreciable quanti- 
ties in certain plants. Oak leaves, for ex- 
ample, contain up to 0.3 percent of the 
metal. Because its soluble salts are poison- 
ous to animal life, barium compounds 
are not found naturally in the Animal 
Kingdom. Its insoluble salts, however, 
are used medically, to render the diges- 
tive system opaque to x-rays. 

The list of other applications for bar- 
ium compounds is confined primarily to 
pigments, insecticides, rodenticides, and 
electronics. 

Metallic barium can be produced by 
the electrolysis of its fused chloride: 

3BaO + 2Al > 3Ba + Al.O;; 


or by the reduction of the oxide with 
aluminum or silicon: 

3BaO + Si ^ 2Ba + BaSiO,. 
The element is soft, and when pure re- 
sembles lead. Because it oxidizes readily, 
it is generally stored under petroleum, 


more curious 
than importan: 


BARITE—Barium sulfate is the most important 
barium mineral. It crystallizes ar vay appear 
as magnificent, many-faceted tals, as fi- 
brous blocks, or in compact ma: 

or some other suitable medium, to ex- 
clude the atmosphere. 

Metallic barium is used i: ‘he manu- 
facture of radio vacuum tube: 1t removes 
the final traces of gaseous « «ments re- 
maining after the tubes have ioen evacu- 
ated almost completely by ot!:. methods. 
It is also used to remove o:. zen in the 
refining of copper. It is a constituent of 
several alloys, one of the most important 
of which is Frary metal, a bea:ing or anti- 
friction metal that contains lead and cal- 
cium as well as barium. An alloy of nickel 
and barium, which readily emits elec- 
trons when heated, is used for this reason 
in radio tubes and in the points of spark 


plugs. 

The metal is difficult to isolate. Davy 
first tried to electrolyze baryta (barium 
oxide) but was unsuccessful; later at- 
tempts were made by him using barium 
chloride in the presence of mercury. In 
this way he obtained an amalgam, from 
which on distilling off the mercury the 
barium was obtained as a silver-white 
residue, 

The commercial production of barium 
depends on the electrolysis of fused bar- 
ium chloride or the reduction by alumi- 
num of a mixture of barium monoxide 
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{POUNDS 


BaO, is commercially pro- 
ting the nitrate in special 
ver, the porous oxide is 
manufactured by treating 
ite with carbon: 

C > BaO + 2CO. 

is a white powder simi- 
;gous calcium and stron- 


ium carbonate crystallizes in 
and is found naturally in En- 


tium oxides. Like them, barium oxide 
crystallizes in a center-faced cubic lat- 
tice. It reacts strongly with water to 
form the hydroxide, Ba (OH );, and while 
its uses are limited, the oxide is some- 
times used to extract sugar from molasses. 

The hydroxide is a strong base and, 
like the oxide, can be used in the sugar 
industry. 

When barium oxide is heated strongly 
in an oxygen atmosphere, the resulting 
product is barium peroxide, BaO». In 
crude form, the compound is pale green, 
but is colorless when pure. In either case, 
barium oxide is a strong oxidizing agent 
that releases oxygen when heated. 

Barium chloride, another important 
compound, results from the fusion of 
barium sulfide and calcium chloride: 

BaS + CaCl, > BaCl; + CaS. 
A second production method incorpo- 
rates the roasting of barite with calcium 
chloride in the presence of carbon as a 
reducing agent. 

Barium chloride is soluble, and there- 
fore poisonous; it crystallizes with two 
molecules of water (BaCl;2H;O). Al- 
though similar in structure to calcium 
chloride, this compound is not hygro- 


gland and the Soviet Union. It is sometimes as- 
sociated with barite. 


URANOCIRCITE—This attractive mineral crys- 
tallizes in a tetragonal system. It is a barium- 
uranyl phosphate with the formula Ba(UO;, 
PO,)2 © 8H20. 


scopic. Primarily, barium chloride is used 
to prepare the more important sulfate, 
and as a purifier in the chlorine and soda 
industries. It is also used as a flux in 
magnesium alloys. 

Barium sulfate is found naturally as 
barite (heavy spar), and is one of the 
most highly insoluble compounds known. 
Chemically, the sulfate is easily prepared 
by reacting any soluble barium salt with 
sulfuric acid. In its purified form, barium 
sulfate is used in x-ray examination of 
the digestive tract—its insolubility mak- 
ing it nonpoisonous and its high molecu- 
lar weight rendering it opaque to x-rays. 
Mixed with zinc sulfide, barium sulfate 
is used as the white pigment lithopone. 
This material has excellent covering qual- 
ities, and is not darkened on exposure to 
sulfides. In addition, its virtual insolu- 
bility makes it an excellent substitute for 
paints based on white lead pigments that 
are highly poisonous. 

A major use of barium sulfate is in the 
petroleum industry, where it is a constit- 
uent in the mud used to facilitate well 
drilling. The mud is pumped down into 
the well through the pipe attached to the 
rotary drill bit; it serves to carry rock 
fragments back up to the surface, to cool 
and lubricate the bit, and also to prevent 
collapse of unstable strata into the hole. 
Drilling mud is composed of clay miner- 
als and water, along with some special 
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chemicals such as barium sulfate, de- 
pending on the composition of the water 
and the rock or soil strata being drilled. 

Some barium sulfate is used as a body 
or filler in the manufacture of certain 
kinds of cloth and paper. 

Barite or heavy spar was first investi- 
gated in 1602 by Vincenzo Cascariolo, a 
shoemaker of Bologna. He discovered 
that after ignition with combustible sub- 
stances the barite became phosphores- 
cent; for this reason it has sometimes 
been called Bolognian phosphorus. 

In the glass industry, barium carbon- 
ate (naturally occurring witherite) has 
some applications. This compound loses 
carbon dioxide only at temperatures ex- 
ceeding 1,350° C (2,462? F). 

Finally, barium nitrate is used in the 
preparation of other barium salts, notably 
the peroxide. This salt imparts an emer- 
ald-green color to flame, and is used in 
pyrotechnics. 


STRONTIUM 


Strontium is distributed in small quanti- 
ties in many different rocks and soils on 
the Earth’s surface. Some is present in 
bones, in which it replaces small amounts 
of calcium. Because calcium and barium, 
which closely resemble strontium, occur 
in much greater abundance, the element 
strontium has not been produced in quan- 


tities that are commercially important. 

While not as widespread as barium, 
strontium occurs naturally as celestite 
(SrSO,) and strontianite (SrCO;). Chem- 
ically, strontium’s properties are similar 
to those of barium and calcium. It is a 
softer metal than calcium but decom- 
poses water more vigorously, The metal 
can be prepared by heating strontium 
chloride with a sodium amalgam, fol- 
lowed by distillation of the mercury. 
One commercial method used to prepare 
the metal employs the reduction of stron- 
tium oxide with silicon: 


3SrO + Si 2Sr + SrSiO;. 


When freshly cut, strontium has a 
silvery luster. This becomes yellow 
quickly, however, due to the formation 
of the oxide. Finely divided strontium 
burns spontaneously in air, producing a 
brilliant red flame. 

The oxide and hydroxide of strontium 
have properties analogous to the barium 
compounds, while strontium chloride is 
less soluble than its calcium counterpart. 

Strontium sulfate (celestite) is isomor- 
phous with barite (barium sulfate), but 
is somewhat more soluble. Strontium car- 
bonate (strontianite) is isomorphous with 
calcium carbonate and is only slightly 
soluble in water. 

Unlike soluble barium salts, strontium 
compounds are not toxic in a chemical 
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STRONTIANITE—The most common minerals 
of strontium are celestite (SrSO,) and stron- 
tlanite (SrCO;). As shown In the Illustration, 


strontlanite crystallizes in a rhombic lattice. 
This mineral is Isomorphous with witherlte and 
other carbonates, 


CELESTITE—This mineral fo : rhombic 


crystal lattice and is isomorp! vith barite, 
although it is not as common it occurs 
in the form of many-faceted als, and it 
may be associated with sulí: »sum, and 
calcite, The specimen illustrat: luorescing 
under ultraviolet radiation 

sense. However, one of st um's iso- 
topes presents what scient elieve to 
be a serious threat to hun alth. 
STRONTIUM-90 

There are four stable isoto f the ele- 
ment; their mass numbers, i order of 
abundance, are 88, 86, 87, a 1. Several 
radioactive isotopes are pri d by nu- 
clear reactions. Of these, th tope hav- 
ing a mass number of 90 ha eived the 
most attention because of i esence in 
the radioactive fallout from nuclear ex- 
plosions. This has aroused concern be- 
cause strontium-90 remains radioactive 
for a relatively long period of time; it has 


a half-life of 28 years, 

Along with other fallout material, stron- 
tium-90 may be deposited on the foliage 
of plants, on the soil, or on the sea. Be- 
cause it is chemically similar to calcium, 
the radioactive substance may be incor- 
porated into plants and eventually find its 
way into plant and animal foods eaten by 
humans. Milk and drinking water may 
contain strontium-90. In the sea, stron- 
tium-90 becomes concentrated in the skel- 
etons of fishes and in aquatic plants. 

In the human body, strontium-90 be- 
comes concentrated in bone. Newborn 
babies, who have actively growing bones, 
retain relatively greater amounts of the 
radioactive substance than do adults. 


MERCURY | the liquid metal 
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ical symbol for mercury, Hg, 
from the word hydrargyrum 
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ion between quicksilver and 
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S HISTORIAE NATURALIS—This 
century work provides great in- 
scientific thought of the time. In 
the seemingly unnecessary dis- 
en hydrargyrum (for mercury ob- 
ses) and “quicksilver” (for the 
natural state). 
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CINNABAR—Most of the world's mercury is 
derived from cinnabar. The sulfide is found in 
microcrystalline masses varying in color from 
red to dark brown, although on occasion it is 
seen as many-faceted crystals having a dia- 
mondlike sparkle. 


the swift messenger of the gods of Ro- 
man mythology. During this period of 
history, mercury enjoyed the important 
role of being the "father" of all metals, 
according to the alchemists. It is inter- 
esting to note the alchemists' determina- 
tion to transmute mercury into gold, 
solely on the basis that the two metals 
are difficult to separate. Naturally, they 
could not have known that the atomic 
numbers for these elements differ by only 
one unit and that the mass number of 
gold lies between that of mercury's two 
stable isotopes. (Theoretically, if a mod- 
em chemist wanted to prepare gold by 
nuclear reaction, the simplest way would 
be to properly bombard mercury.) 

Mercury is the only metallic element 
that is liquid at room temperature (al- 
though cesium, gallium, and rubidium 
can be liquid near normal temperatures). 
Only rarely is the element found in a 
free state. Rather, it is almost exclusively 
found as the sulfide in the mineral cinna- 
bar, HgS. More than half of the world’s 
supply of mercury is obtained from cinna- 
bar mined in Spain and Italy. 


PREPARATION 


The primary method for preparing ele- 
mental mercury is the roasting of cinna- 
bar in an air stream and subsequent 
condensation of the vapor. The sulfur di- 
oxide evolved is easily soluble in water, 
resulting in a relatively pure metal. How- 
ever, further heating and distillation re- 
move trace impurities of lead, copper, 
and gold. In the pure state, mercury flows 
with ease. 


CHEMICAL AND 
PHYSICAL PROPERTIES 


The liquid metal is silvery and quite 
heavy. Mercury is a poor conductor of 
heat; its electrical conductivity is only 
fair compared to that of other metals. 
The metal is stable in air, although at 
its boiling point of 356.9° C (about 675° 


MERCURY AND THE FORMATION OF AN 
AMALGAM—On the watch glass the blob of 
silvery mercury will remain inactive. In con- 
tact with copper, however, the two metals will 
combine over a period of time to form an 
amalgam. 
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MERCURY BATTERIES—The top illustration 
Shows some types of mercury batteries used 
in photographic exposure meters, while those 
in the bottom illustration are often used in 
hearing alds. Mercury batteries are noted for 
their long life. 


RUMFORD VACUUM THERMOMETER — This 
specialized piece of equipment is made up of 
a mercury thermometer enclosed in an evacu- 
ated tube. It is used to demonstrate the rapid 
propagation of radiant heat under airless con- 
ditions, 


F) it becomes covered with a red layer 
of mercuric oxide. Mercury readily com- 
bines with the halogens, and dissolves a 
number of other metals to form amal- 
gams. Some of these are true compounds 
(NasHg, for example), while others are 
more correctly called mixtures ( AuHg, 
AgHg, and PbHg, for example). 

Mercury is quite volatile, and highly 
toxic. Strict safety precautions must be 
observed when using the metal or its 
compounds, and adequate ventilation is 
necessary. Mercury poisoning is insidi- 
ous, with many bizarre symptoms both 
physical and psychological. 

Chronic mercury poisoning results from 
exposure to small amounts of mercury 
over extended periods of time, as may 
occur in industries that use mercury or its 
salts. The symptoms include loss of ap- 
petite, salivation, gingivitis, nutritional 


disturbances, increasing 
and anemia. 


PRINCIPAL USES OF 
AND ITS COMPOUNI 
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CORROSIVE SUBLIMATE—These normally 
colorless crystals of mercuric chloride are seen 
under polarized light. (130 X) industrially, the 
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DE—The billowy precipitate is 
formed as a result of the re- 
mercuric chloride and potas- 


This white compound is photosensitive, 
and when exposed to light reverses the 
above reaction to yield black metallic 
mercury and mercuric chloride. Calo- 
mel is used as an electrode in certain 
analytical apparatus, and for coloring 
porcelain when mixed with gold. In 
ultra-pure form, calomel is used in medi- 
cine. 

One of the most toxic of the mercury 
compounds is mercurous nitrate, pro- 
duced in the reaction between the metal- 
lic element and nitric acid. This salt is 
little used outside the analytical labora- 
tory. 

Most of the important mercury com- 


MERCUROUS ION REACTION— The lime- 
green precipitate is mercurous iodide. Traces 
of metallic mercury give it this color—it is 
normally yellow in the pure state. 


pounds are formed in the +2 oxidation 
state. Among these mercuric compounds 
is mercuric oxide, HgO, also called red 
precipitate. It is easily prepared by heat- 
ing the metal or mercuric nitrate, and is a 
very fine, bright, brick-red compound 
sometimes used as artist's pigment. In- 
terestingly, if mercuric oxide is formed 
in a “wet” reaction, as in the reaction of 
a mercuric salt with sodium hydroxide, 
the compound is bright yellow that turns 
dark as black metallic mercury separates. 
This variation in the color of the oxide is 
not due to polymorphism, but to a dif- 
ference in particle size. 

Mercuric chloride, also known as cor- 


CHARACTERISTIC MERCURIC ION REAC- 
TION—Potassium iodide added to a solution 
of mercuric chloride produces the brick-red 
precipitate of mercuric iodide. 
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FORMATION OF MERCURY AND MERCURY 
AMMONIUM NITRATE—This reaction provides 
a useful method for detecting trace presence 
of ammonia in water. The black precipitate is 
produced when mercurous nitrate is added to 
an ammonia solution. 


rosive sublimate, is a violent poison, and 
is sometimes used as an antiseptic. This 
salt is prepared by sublimating a mixture 
of mercuric sulfate and sodium chloride 
to which manganese dioxide has been 
added as a catalyst. 

Mercuric iodide, a precipitate result- 
ing from the reaction between a mer- 
curic salt and potassium iodide, is a yel- 
low, crystalline compound with a dual 
personality. Once formed, the yellow salt 
quickly turns red, but returns to the yel- 
low form at 130°C (266? F), only to 
melt into a red mass at 223°C (about 
431° F). Such color changes are due to 
various allotropic forms of the substance. 

Tn an excess of iodide, mercuric iodide 
dissolves, and the resulting solution is 
called Nesslers reagent. This is used to 
detect minute amounts of ammonia, in 
which it forms a yellow precipitate, and 


which can be used to determine levels of 
water pollution. 

The sulfide from which mercury itself 
is produced is a mercuric compound. In 
the laboratory, HgS can be prepared by 
direct synthesis from the elements. The 
red powder of mercuric sulfide provides 
vermilion, one of the most vivid reds in 
the artist's palette. 

Metal-organic compounds of mercury 
are prepared by replacing the hydrogen 
in a C-H bond with the metal. Organo- 
mercury salts are extremely toxic, al- 
though they are of great importance in 
research. 


ENVIRONMENTAL DANGERS 


In the early 1970s, with new stress be- 
ing put on environmental pollution, much 
attention was given to the dangers of 
mercury. A New Mexican family was 
poisoned by pork from animals that were 
fed seed grain treated with a form of 
organic mercury that affects the brain. 
Mercury from treated seed grain was 
found also in relatively high amounts in 
game birds of Montana and Alberta, Can- 
ada; and mercury was detected in fish in 
North American waters that are contam- 
inated by industrial wastes. 


A MERCURY-ORGANIC CO 
dition of mercuric chloride 
tion produces the milky-w! 
chloride. 


MERCURIC SULFIDE—Ií precipitated in solu- 
tion, this sulfide is a black compound. How- 
ever, when sublimated in a vacuum, it appears 
as the red rhombohedral crystals seen here. 


The sulfide is used to pr 
bright-red pigment, and is 
sulfide that does not disso 


UND—The ad- 


ammonia solu- 
ercuric amido 


— ——— 
» vermilion, à 
only metallic 
nitric acid. 


MOLYBDENUM 
AND TUNGSTEN | plant life and light bulbs 


Molybdenum (Mo) and tungsten (W) 
are m rs, along with chromium, of 
the C VIB series of elements. Both 
these Is bear strong resemblance to 


one : r chemically and metallurgi- 


cally, each is present in the Earth's 
crust 'ounts approaching 10-* per- 
cent, 

Mc ium was known to the an- 
cient yugh it was confused with 
graph 1 lead ore, galena. In fact, 
the n: this element is derived from 
the G iolybdos, meaning "lead." In- 
deed tle appears to have made no 
distinc between lead ores and molyb- 
denu: 

In the Swedish chemist Carl 
Scheel wed that this metal’s primary 
ore, m lenite, was a distinct ore of a 
new « t. In 1782 the Swedish min- 
eralog ter Hjelm produced the first 
sampl he metal, although in an im- 
pure 1 

Ay er molybdenum was first pre- 
pared llic tungsten was produced 
follow reduction of tungstic acid 
with « ıl. This achievement, how- 
ever, \ ed on considerable previous 
resear 1779 it was concluded that 
a mir ow called wolframite con- 
tained nknown substance. Then, in 
1781, e found that he could pre- 
pare a icid from the mineral called 
tungst« iow known as scheelite). He 
and a yrker postulated that a new 
metal cd be obtained by reducing this 
acid. Th- production of metallic tungsten 
led them to the discovery that Scheele’s 
acid was identical to one formed from 
wolframite, and their isolation of tung- 


sten soon followed. 

The name tungsten is derived from the 
Swedish tung sten (heavy stone), while 
its chemical symbol, W, comes from wol- 
fram, an occasionally used synonym. 


THE ELEMENTS AND THEIR 
MINERALS 


While it does not occur as the free metal 
in nature, molybdenum is produced from 
its sulfide, molybdenite, MoS;, and a 
lead-molybdenum mineral called wul- 
fenite, PbMoO,. Additionally, the metal 


can be obtained from other molybdates, 
such as that of magnesium, MgMoO,. 
Molybdenum ores are mined in the 
United States, Canada, and parts of Asia 
and Europe. 

To be commercially profitable, the rel- 
atively small amounts of molybdenum 
sulfide contained in the primary mineral 
must be concentrated. This is accom- 
plished through a flotation process, with 
the product then converted to the tri- 
oxide by roasting. This impure form of 
the oxide is further clarified by dissolu- 
tion in aqueous ammonia, and the result- 
ing ammonium molybdate, ( NH4 )2MoO,, 
undergoes further roasting to form pure 
trioxide. The oxide is finally reduced to 
the metal with hydrogen. (Reduction 
with carbon is undesirable because of 
carbide formation. ) 


Tungsten is found in nature almost 
exclusively in the form of tungstates (ani- 
onic WO,*- salts). The most important 
of these is wolframite, an isomorphic 
mixture of iron and manganese tungstates 
with the general formula (Fe,Mn)WO.. 
Secondary minerals include scheelite, 
CaWO,, huebnerite, MnWO,, and fer- 
berite, FeWO,. The most important tung- 
sten deposits are found in the United 
States, the Soviet Union, and parts of 
Asia, Europe, and South America. 

The production of metallic tungsten 
begins with mechanical and magnetic 
enrichment of the ores, the mixtures be- 
ing subsequently fused with sodium hy- 
droxide. The mass is then dissolved in 
water to produce a solution of sodium 
tungstate, and this is reacted with an 
acid to cause precipitation of an insoluble 


EET 


MOLYBDENITE—A!most all the world's supply 
of molybdenum is extracted from this sulfide. 
The largest deposits of this mineral are found 
in the western United States, Central and South 


America, Canada, and parts of Europe. Molyb- 
denite crystallizes in the hexagonal system, 
appearing in fine layers that are soft, flexible, 
and gray in color. 
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oxide commonly called tungstic acid, 
H3;WO,. With hydrogen, the dried oxide 
is finally reduced, at elevated tempera- 
tures, to metallic tungsten. 

Both molybdenum and tungsten are 
true metals, having a shiny to white lus- 
ter; in the pure form both are malleable 
and ductile. The latter properties are lost 
in the impure state. Electrically, molyb- 
denum and tungsten are about one third 
as conductive as silver. Melting points of 
these metals are quite high: about 2,610° 
C (4,370° F) for molybdenum and 3,410° 
C (6,170? F) for tungsten. 


APPLICATIONS 


Both molybdenum and tungsten are val- 
uable alloying agents, imparting special 
properties to steels. For example, molyb- 
denum in amounts up to about one per- 
cent has a considerable positive effect on 
the hardenability and toughness of tem- 
pered steel. Certain tungsten-steel alloys 
have special application in high-speed 
cutting and milling equipment where 
ordinary metals would become soft and 
unusable. 


WULFENITE—This colorful mineral is a lead 
molybdate produced by the oxidation of the 


Normal carbon steels may become ex- 
tremely hard when tempered, but tend 
to lose this desirable property at elevated 
temperatures. While this can be over- 
come, an increase in the hardness of such 
steels leads to a decrease in resilience— 
the capacity to withstand mechanical 
shock without breaking. To retain hard- 
ness and resiliency, varying quantities of 
molybdenum, tungsten, chromium, and 
vanadium are alloyed with the steel. 
These elements combine with the carbon 
to form very hard carbides that are dis- 
persed throughout the ferrous matrix. 

In addition to their applications in the 
steel industry, molybdenum and tungsten 
are ideally suited to electronics. Because 
of their high melting points, both are 
used to make filaments for vacuum tubes 
and light bulbs. 

Tungsten provides an excellent x-ray 
target, and both tungsten and molyb- 
denum are being employed in the devel- 
oping nuclear industries. Their strength 
and resistance to stress make them valu- 
able materials in the aerospace fields. 
Molybdenum is also used to make certain 
nickel-based alloys resistant to corrosion. 


lead ores with which the primary metal is often 
associated. 


al Is a prod- 
jenite and is 
brous-radiated 


FERROMOLYBDITE—This 
uct of the alteration of r 
found in compact masses 


aggregates. 

CHEMISTRY 

Both molybdenum and »gsten resist 
attack by normal reagi hough both 
are dissolved by a con: ted mixture 
of nitric and hydrofluori: is. Similarly, 
while not affected by the imon alkalis, 
a fused mixture of potassivi'n nitrate and 
sodium hydroxide will dis» »!ve the metals 
rapidly. 


Neither metal reacts with the atmo- 
sphere at room temperatures, but at red 
heat either combines with oxygen to 
form the trioxides. Their chlorides are 
formed by direct synthesis at elevated 
temperatures, while both react with 
fluorine under normal conditions to form 
the respective hexafluorides. 

Although molybdenum and tungsten 
are both homologues of chromium, they 
do not exhibit totally similar properties. 
For example, the most stable ion © 
chromium is the trivalent, while stability 
for molybdenum and tungsten is achieve 
in the +6 state. 

These two metals are responsible 


TUNGSTEN CARBIDE—This photomicrograph 
shows the structure of the extremely hard 
tungsten carbide. This material has been syn- 
thesized by a metal-ceramic process in which 
very finely divided tungsten carbide is fused 
with an alloy dust (cobalt, for example). 


TE (TUNGSTITE)—The nodules shown this tungsten mineral crystallizes tetragonally. 
llustration are calcium tungstate, The most important deposits are found in En- 
/arying in color from yellow to brown, gland, Finland, and Bolivia. 


—Crystallizing in the tetragonal sys- rare mineral. It is isomorphous with wulfenite, 
ite (lead tungstate) is a somewhat the molybdate of lead. 


“RAPID STEEL” WITH TUNGSTEN AND MO- 
LYBDENUM—Steels of the type illustrated in 
this photomicrograph are used to make tools 
that can withstand the high speeds of modern 
automated machinery. The “rapid steel" shown 
here contains 6 percent each of tungsten and 
molybdenum, and 4 percent chromium. 
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WOLFRAMITE—The specimen shown here is 
a mixed wolframite of iron and manganese with 
the formula (Fe,Mn)WO,. Its steel-black luster 


for a large number of oxides, and for an 
interesting series of nonstoichiometric 
oxyhydrates. One such compound is 
tungsten bronze, a chemically inert sub- 
stance formed by the reduction of so- 
dium tungstate with hydrogen and heat. 
These bronzes have the general formula 
Na,WOs, where n is greater than zero 
but less than one. As the value of n de- 
creases, the color of the compound 


highlights the monoclinic crystals commonly 
displayed by this mineral. Large crystals, such 
as the one illustrated, are often found in Cali- 


changes from bronze yellow to violet 
blue. 

The most important molybdenum and 
tungsten compounds are the molybdates 
and tungstates, a series of salts built 
around the MoO,? and WO,°- ions, in 
which the oxidation state of the metals 
is +6. On acidification, these anions poly- 
merize to yield a complex series of poly- 
anions. 


fornia and Germany. The largest deposits of 
this mineral are located in the west 
States, southern Portugal, and Ch 


In their stable hexavalent form, both 
metals combine with sugars and other 
organic compounds. In this respect 
molybdenum is of particular interest to 
agriculture. In trace amounts, this metal 
is essential to proper plant growth, al- 
though the mechanism is not yet fully 
understood. It is known, however, that 
molybdenum is present in nitrogen-fixing 
bacteria. 


MAGNESIUM 


Although metallic magnesium (Mg) was 


not produced until the early part of the 
nines oth century, some of its com- 
pour had been discovered much ear- 
lier. example, in 1695, an English 
bota Nehemiah Grew, became in- 
trig); by the medicinal properties of 
the = veral waters at Epsom, England. 
His weh led to the discovery of a 


DoLc 
nesiu d calcium crystallizes trigonally. The 


:— This double carbonate of mag- 


samp ustrated has its crystals joined to one 
another in saddle-shaped groups. Another 
form c! tne mineral consists of compact micro- 
granular masses. 


salt, which he appropriately named 
“Epsom salt,” that was apparently re- 
sponsible for the “curative” value of the 
spa. Subsequently it was found that 
Epsom salt was the sulfate of an un- 
known metal, magnesium. 

In 1808 the English chemist Humphry 
Davy isolated magnesium after heating 
dry magnesium chloride with metallic 
potassium. In 1831 a reasonable quantity 
of the metal was produced. 

Magnesium is a relatively reactive 
metal and so is not found in the free 
state in nature. It is the eighth most 
abundant element in the earth's crust, 
and occurs primarily as the carbonate 
mineral magnesite (MgCO;) and the 


missiles, medicine, 
and photography 


mixed carbonate, dolomite, MgCa(COs3)2. 
Other magnesium minerals include chlo- 
rides, sulfates, and silicates. Of the last 
group, amianthus, an asbestos mineral, 
has an interesting history. Certain an- 
cient civilizations exploited its nonflam- 
mability to make a cloth in which the dead 
were wrapped prior to cremation, thus 
creating an urn of sorts to contain the 
ashes. The nonflammable property of 
magnesium is used today to make non- 
burning upholstery, refractory liners, 
and incombustible paper. 

Deposits of magnesium minerals are 
widespread, while seawater contains an 
abundance of soluble magnesium chlo- 
rides and sulfates. The Dead Sea, for 
example, contains an estimated 10 per- 
cent magnesium chloride and is a poten- 
tially rich source of the metal. 

Botanically, magnesium is an impor- 
tant plant constituent because it is the 
central atom in chlorophyll, which is the 
catalyst in the synthesis of sugars from 
carbon dioxide and water during photo- 
synthesis. The structural group in chloro- 
phyll is but a step removed from the 


structure of the heme group in hemoglo- 
bin, the red pigment in vertebrate blood. 
The essential difference between chloro- 
phyll and hemoglobin is the central atom: 
the former contains magnesium and the 
latter iron. 


PREPARATION OF 
ELEMENTARY MAGNESIUM 


Almost all magnesium produced today is 
obtained by electrolysis of fused mag- 
nesium chloride, a compound derived 
from brine wells and seawater. The 
simple electrolytic reaction is carried 
out with a carbon anode and an iron 
cathode. 


PROPERTIES 


Elementary magnesium is a soft, silvery- 
white metal with a low specific gravity. 
In the air, it soon forms a protective sur- 
face coating of basic carbonate that pre- 
vents further oxidation. Like the other 
members of the Group IIA elements, its 
characteristic valence is +2. 


KAINITE STRATA—Kainite is a monoclinic, 
prismatic mineral with the formula MgSO, : 
KCI - 6H;O. It is found deposited in granular 
masses between potassium salts. Abundant 


deposits occur in Germany. In potassium de- 
posits, the mineral is formed by metamorphism 
or the circulation of water. 
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CARNALLITE—This mineral is composed of 
magnesium chloride, potassium chloride, and 
water. It crystallizes rhombically as distinct 
crystals, but more often as compact microcrys- 


Because it is extremely electropositive, 
magnesium reacts with hot water to pro- 
duce hydrogen. This reaction is consid- 
erably less vigorous in cold water. When 
amalgamated with mercury, however, 
magnesium readily decomposes both hot 
and cold water. 

In a normal oxygen atmosphere, metal- 
lic magnesium burns with blinding light 
and intense heat, forming both the oxide 
and nitride (Mg;N2). The violence with 
which it burns classifies it as a material 
to be handled with caution. Neverthe- 
less, with its combustion controlled, mag- 
nesium’s intense light is used in artificial 
light photography and in pyrotechnics. 

Magnesium is readily soluble in all 
common acids, although it resists dissolu- 
tion in cold alkaline solutions, probably 
due to the formation of protective oxides. 

Perhaps the most important use of 
magnesium stems from its light weight 
and the properties it imparts to alloys. 
In itself, the metal has mediocre mechani- 
cal qualities but is able to improve these 
same qualities in other metals, notably 
aluminum, zinc, and manganese. The 
mechanical resistance of aluminum is 
improved, zinc is made more workable, 
and the corrosion of manganese is re- 
duced—all by alloying these metals with 


talline masses that may be colored by impu- 
tities, as in this specimen. In the pure state, 
the mineral is white. 


magnesium. Such lightweight alloys have 
proved invaluable in the aerospace in- 
dustries. 

Sometimes used as alloying ingredients 
for special purposes are cerium, calcium, 
zirconium, cadmium, silver, silicon, beryl- 
lium, lithium, thorium, and tin. After 
World War I, intensive research and de- 
velopment work produced strong, light 
alloys. The rapid worldwide develop- 
ment of the aircraft industry greatly ad- 
vanced the use of magnesium alloys for 
structural purposes. The perfecting of 
alloys that could be fabricated success- 
fully by casting, extruding, rolling, and 
forging opened up many new fields of 
use. Special properties of magnesium 
make it particularly desirable where ex- 
ceptional machining qualities and good 
fatigue resistance are important. Attain- 
ment of high standards in pressure die- 
casting technique has presented new 
spheres of application in the instrument, 
optical, and other industries where Ye- 
signers are often able to substitute a 
single casting for parts that were for- 
merly built up from sheet and sections; 
the die casting is stronger and more rigid, 
but not heavier. 

The greatest use of magnesium in air- 
craft was during and after World War Il, 


AMIANTHUS—Two variations iis mineral 
occur, the serpentine type anc :ornblende 
type. The sample illustrated is 'ormer, and 
is one of the asbestos miner: formula is 
Mg[(OH);SI,O;»]. The fibrous nts are pli- 
able and have a woolly textur: 

when piloted aircraft wer extensive 
military use. Castings were |: iployed in 
aircraft engine parts inch: ing crank- 


cases, valve covers, superc! rs, oil fil- 


ters, and pumps. Landing wheels cast in 
magnesium were also used widely. Ex- 
trusions were used for floor beams, and 


magnesium sheet was used for the skin, 
for wing and control surfaces, and for 
the fuselage of airplanes and helicopters. 
With the phasing out of piloted aircraft 
and the advent of missiles, drones, and 
satellites, the tonnage of magnesium used 
in aircraft dropped considerably, but its 
usage became more versatile. 
Magnesium alloys are used extensively 
in electronic structures. Magnesium is 
the choice for radar plotting consoles, 
antennas, power-supply cases, tape reels, 
memory disks, walkie-talkies, and chassis 
of various kinds. The light weight of mag- 
nesium alloys makes them highly accept- 
able to the tooling industry; to the mate- 
rials handling industry, in which much of 
the equipment must be handled manu- 
ally; and to makers of industrial high- 


iSTION OF METALLIC MAGNESIUM 


SI d reciprocating machinery. 

second half of the twentieth cen- 
tu use of magnesium in consumer 
ge many different types expanded 
e ly. It was used in the manufac- 
tu uggage, cameras, lawn mowers, 
V cleaners, and other electrical ap- 
pl Magnesium was used also in 
sp g goods and office equipment. 


M (ESIUM COMPOUNDS 


Magnesium oxide, MgO, can be obtained 
by heating the carbonate to red heat in 
special crucibles. At red heat, the oxide 
is white and soft. At increased tempera- 
tures, however, the material is converted 
to a heavier, more compact substance 
called dead-burned magnesite. With a 
melting point of 2,800°C (5,072° F), 
this compound is a very poor conductor 
of heat, making it suitable as a refrac- 
tory liner. 

Dissolution of the oxide in hot water 
yields the hydroxide Mg(OH)s, better 
known as milk of magnesia, a common 
laxative. More important, however, is the 
hydroxide’s role as the raw material for 
production of metallic magnesium. Ex- 
tracted from seawater, the hydroxide is 
precipitated with lime and transformed 


MAGNESIUM ALLOYS—Magnesium alloys are 
used in many industries from the automotive to 
aerospace. Because of their light weight and 
excellent machining properties, such alloys are 
used to make housings for electric motors, 
typewriters, and optical instruments. The key 


into the chloride. Electrolysis yields the 
element. 

Not only is magnesium chloride im- 
portant as an intermediate in magnesium 
production; in the manufacture of ce- 
ments it can be combined with magnes- 
ium oxide to form a hard and durable 
product. Sawdust added to this mixture 
forms a product called lignolite, used in 
the building trades for walls and floors. 
Portland cement is prepared, in part, of 
an equal mixture of magnesium chloride 
and oxide. 

Magnesium sulfate, MgSOs, (Grew's 
Epsom salts), is obtained by the evapora- 
tion of mineral waters. In aqueous solu- 
tion the sulfate forms various hydrates, 
the more common containing one and 
seven molecules of water (MgSO,: H;O 
and MgSO, 7H;O). The second form is 
used in medicine and in the textile in- 
dustry as a weighting for silk. 

Magnesite and dolomite are natural 
forms of magnesium carbonate, MgCOs. 
Dolomite also contains calcium carbon- 
ate, which can be recovered by calcina- 


to the use of magnesium alloys in missile 
technology is their mechanical resistance at 
high temperatures. In the illustration, the auto- 
motive clutch-differential-gear casing is a cast 
magnesium alloy. 


tion and saturation with carbon dioxide 
in an aqueous solution. The magne- 
sium carbonate dissolves before the cal- 
cium carbonate to form the bicarbonate 
Mg(HCO;)2, which is then isolated. 
Finally, two magnesium salts, a silicate 
and the peroxide, are noteworthy. Tale, 
widely used in cosmetic preparations, is 
the magnesium silicate with the formula 
Mg; (SizOs)2(OH)>, while the peroxide, 
MgO», has properties similar to hydro- 
gen peroxide, and is used as a bleach. 


ORGANO-METALLIC 
MAGNESIUM COMPOUNDS 


Some of the most important organic com- 
pounds contain magnesium, and these 
are called Grignard reagents. These com- 
pounds have the general formula RMgX, 
where R is an organic group (CH;-CH»- 
CH»-, for example) and X is a halogen. 
The Grignard reagents form the basis for 
preparing a large number of organic com- 
pounds from which aldehydes, amines, 
and alcohols are obtained. 
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ANTIMONY 


The metallic element antimony (Sb) is 
neither widespread nor common in na- 
ture. Nonetheless, its history dates back 
to its use by the ancients, who recognized 
antimony in its compounds. The metal 
itself was not isolated until the beginning 
of the seventeenth century. 

The early use of antimony compounds 
is described in the Bible through refer- 
ence to “stibium,” an eye cosmetic used 
by Egyptian women. The same source 
mentions various medicinal properties of 
stibium, From this Latin word antimony’s 
chemical symbol, Sb, is derived. 

Stibnite, the most important mineral 
of antimony, was recognized by the 
Greeks also as an eye cosmetic. Not until 
sometime around the first millennium 
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THE DAUGHTERS OF AMENOPHIS IV—The 
Bible mentions stibium (stibnite, the most im- 
portant mineral of antimony) as being used by 
Egyptian women as an eye cosmetic, The de- 
tall in the illustration is from a fresco in the 
tomb of Nebamon (eleventh century B.C.). 


—Ó———— 
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STIBNITE—This specimen of antimony trisul- 
fide shows its rhombic crystalline formation. 


A.D., however, did the term antimonium 
come into use. It is from this Latin term 
that the name of the metal originates. 

Metallic antimony was first prepared 
about 1615 by the German alchemist 
Libavius, following the treatment of stib- 
nite (antimony sulfide) with iron. To- 
day, this mineral continues to be the 
primary source of the element. Rich stib- 
nite deposits occur in Asia and in Cen- 
tral and South America. Other mineral 
sources include the antimonides and sul- 
fantimonides of the heavy metals, and 
the oxides. 

Antimony is a member of the Group 
VA elements, along with nitrogen, phos- 
phorus, arsenic, and bismuth. Its proper- 
ties resemble both those of the less 
metallic arsenic and the more metallic 
bismuth. 


PREPARATION OF METALLIC 
ANTIMONY 


Elementary antimony is produced indus- 
trially by the roasting of the sulfide with 
subsequent conversion to the oxide and 
final reduction with iron, or by direct 
reduction of oxide ores with carbon: 


2SbeSs + 90, 2Sb;0, + 6S0; 
Sb;O; + 2Fe > 2Sb + Fe;0; 
2Sb203 + 3C > 4Sb + 3CO;. 


The metal prepared in either of these 
reactions is impure, and electrolysis is 
employed to produce antimony exceed- 
ing 99.999-- percent purity. 

There are four allotropes of antimony: 
yellow, black, explosive, and metallic 
(ordinary). The first two modifications 
are stable only at low temperatures; yel- 
low antimony occurs only below —40° C 


PYRARGYRITE—The gray mineral (AgsSbS;) 
is a thioantimonite of silver, and is shown here 
in association with calcite. Like stibnite, pyrar- 
gyrite crystallizes rhombohedrically. 


alloys, medicine, and makeup 


5 " 
BOULANGERITE — This magnific mono- 
clinic crystal is a double sulfide antimony 
and lead. The specimen illustrate 3s found 


in Sweden. 


OEREN- 
METALLIC ANTIMONY—Commor 


iony, aS 
seen here, is one of four allotropic s of the 
element, and by far the most sta 8 color 
and luster belie a fragile crystal! ructure. 
(—40? F). At this point, the k allo- 
trope is formed. Neither can be character- 
ized as a true metal. Explosive antimony 


can be prepared by electrolysis of the 
chloride, and when heated it will ex- 
plode to become the common form of 
the element. It has been shown that ex- 
plosive antimony is amorphous, and that 
it contains traces of the chloride. Explo- 
sion occurs when amorphous antimony 
changes to a stable crystalline form that 
releases 19,600 calories of heat per gram. 

Metallic antimony is very stable but 
extremely brittle, with a flaky, crystal- 
line structure. To some extent it resem- 
bles silver in luster and lead in color. 
The metal is not altered by exposure to 
the atmosphere at normal temperatures, 
although when heated it burns intensely 
with concurrent evolution of white anti- 
mony oxide fumes. Thermally and elec- 
trically, antimony is classed among the 
Poor conductors. The stability of the 
metal is further exemplified by its resist- 


iETIC—Though used in medicine, 

or potassium antimony! tartrate 
nmonly used as a mordant in the 
textil try. 


tarte i 


ittack by most common rea- 


ance 
gent is soluble only in hot concen- 
trate ids (especially sulfuric) and 
aqua 1 

TI pounds of antimony are simi- 
lar t of arsenic and, though less 
toxic still extremely poisonous. In 
the tion of its compounds, anti- 
mon: trates stable oxidation states 
of 4 +5, though certain compounds 
illus : —3 valence. As elementary 
met: imony is used primarily in al- 
loyin iably with lead and tin. It 
grea reases the durability of lead, 
thus such alloys importance in 
the facture of automotive storage 
batt: ind in the production of bullets. 
Additienally, low or antifriction alloys 
cont \e metal, and its low melting 
point snakes it a valuable material in the 
manufacture of fuses and other safety 


devices. Antimony compounds are also 
used as pigments in paint and rubber, 
and in the ceramics industry. 


COMPOUNDS OF +3 ANTIMONY 


Antimony trioxide, being insoluble in 
water, occurs in nature as the mineral 
senarmontite, and is also the product of 
the buming of the metal in air. While 
the compound is generally seen in a 
molecular structure expressed as Sb:Os, 
it may take on the form represented as 
Sb,O,. This compound behaves ampho- 
terically depending on its environment, 
resulting in acidic or basic solutions. In 
alkaline solution, +3 antimony com- 
pounds are energetic reducing agents. 
In the laboratory, antimony trisulfide 
(Sb;S,) is a product of the reaction be- 
tween hydrogen sulfide and antimony 
trichloride. The compound, when first 
formed, has a fine red-orange color, 


although this changes in time to a gray- 
black corresponding to stibnite, or natu- 
ral antimony trisulfide. In alkaline solu- 
tions of sodium sulfide, the trisulfide 
dissolves readily to yield thioantimonite, 
SbS,°-. 

Antimony combines with all the halo- 
gens, forming products of the general 
type SbX; in the trivalent state. The 
trichloride is not a salt in the true sense 
because of an inability to conduct elec- 
tricity. This property makes it useful in 
the protection of some metals from cor- 
rosion. The trichloride is also used to 
burnish alloys such as brass or metals 
such as iron. In such circumstances, the 
surface of the base metal goes into solu- 
tion with the chloride and a fine deposit 
of protective antimony remains. Anti- 
mony trifluoride, unlike its chlorinated 
cousin, is a salt in every sense. 

Antimony hydride or stilbene (SbH;) 
is a highly toxic gas resembling arsine. 
The gas can be condensed to a white 
solid, and if the solid is heated it demon- 
strates a lesser affinity for hydrogen than 
arsenic: the compound readily decom- 
poses. 


COMPOUNDS OF +5 ANTIMONY 


Dissolving elemental antimony in hot, 
concentrated nitric acid yields the pent- 
oxide Sb:Os. This oxide is only slightly 
soluble in water, but that which does dis- 
solve gives a weakly acidic reaction. In 
contrast, the arsenic and phosphorus ox- 
ides are very reactive to water and yield 
moderately strong acids. 

In concentrated nitric acid, antimony 
pentoxide forms antimonic acid with the 
formula HSbO,'3H;O. The potassium 
salt of this acid demonstrates a greater 
solubility product than the correspond- 
ing sodium salt. 

The pentahalogen series of antimony 
corresponds with its trihalogens. The 
pentachloride, SbCl;, is prepared by di- 
rect synthesis of the trichloride and ele- 
mentary chlorine, but this compound is 
quite unstable; the reaction is easily re- 
versible. This property makes the pen- 
tachloride a useful source of chlorine. In 
aqueous solution the pentachloride hy- 
drolyzes, unlike the pentafluoride, which 
is stable in water. However, the latter 
will react in water to yield the interesting 
compound (SbF;OH)-:H30*. 

Antimony’s pentasulfide, Sb;S;, is read- 
ily soluble in the common alkali solu- 
tions; the resultant products are the thio 
salts. The most important of these is 
Schlippe’s salt, used to prepare a highly 
reactive sulfide important in the vulcani- 
zation of rubber. 

As to antimony's therapeutic uses, the 


STEPHANITE—Another sulfide of silver and 
antimony, this mineral is abundant in Mexico 
and Colorado. 


compound known as tartar emetic, or po- 
tassium antimonyl tartrate, causes im- 
mediate vomiting, rapidly cleansing the 
stomach of poisons. Nevertheless, anti- 
mony and its compounds seldom are used 
as therapeutic agents because of harmful 
side effects and because other less dan- 
gerous agents are available for medical 
application. 


TETRAHEDRITE AND DYSCRASITE — The 
beautifully formed crystals in Illustration 8a are 
tetrahedrite, a sulfide of copper and antimony 
that always occurs in combination with other 
sulfides. The silver antimonide in Illustration 
8b is the mineral dyscrasite. 
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RHODIUM, IRIDIUM, AND 


PALLADIUM | hree noble metals 


Each of these members of the platinum 
group of metals was discovered at the 
beginning of the nineteenth century, 
rhodium (Rh) and palladium (Pd) by 
the English chemist and physicist William 
Wollaston and iridium (Ir) by the En- 
glish chemist Smithson Tennant. Because 
these elements exhibit very similar chem- 
istries, their isolation from one another 
was one of the more difficult aspects of 
their discovery, 

The name “rhodium” is derived from 
the Greek rhodon, meaning “rose,” the 
color observed in hydrated chlorides of 
the element by Wollaston. Metallic rho- 
dium is a silvery-white substance with a 
very high melting point—about 1,966° C 


(3,750° F). At red heat, the metal changes 
to the sesquioxide in air, but further 
heating causes the oxide to reconvert to 
the metal. The low electrical resistance 
of rhodium and its excellent resistance to 
corrosion make it an ideal material for 
use in electrical contacts. Alloys of plat- 
inum and rhodium are extremely hard, 
and are used to make bushings utilized 
in the production of glass fibers and in 
other processes where resistance to abra- 
sion is critical. Rhodium in colloidal sus- 
pension has strong germicidal properties. 

Iridium is an extremely hard, brittle 
metal that takes its name from the many- 
colored hues—the iridescence—of its salts. 
This is the most corvosion-resistant metal 


CHEMISTRY OF RHODIUM—Pure rhodium is 
obtained by the reduction of pentammine- 
rhodium chloride, Rh(NH;);Cl;. In the compact 
form the metal is unaffected by the common 
acids or aqua regia; when finely divided, how- 
ever, the opposite is true. The pure metal is 
used to electroplate silver, protecting the base 
metal without altering its appearance. 

Rhodium's most stable oxidation state is 
+3, and such compounds include the oxide 
and hydroxide, the sulfide, and the halides. 
The oxide, Rh2Os, is easily obtained by heat- 
ing the metal in air. Compared to the oxides 
of the other platinum metals, rhodium oxide 
is an extremely stable compound, decompos- 
ing at temperatures only above 1,000? C 
(1,832? F). 

Rhodium hydroxide, Rh(OH);- H2O, is an 
amphoteric compound, reacting as an acid or 
a base depending on its environment. The 
sulfide, Rh;S;, can be prepared by direct syn- 
thesis of the elements or by reacting solutions 
of rhodium and sulfur salts. 

While rhodium forms compounds with all 
the halogens, its bromide and iodide com- 
pounds are fairly unstable. Both the chloride 
and fluoride are red compounds prepared by 
direct synthesis, and both exhibit a reasonable 
degree of stability. 

Illustration 1a shows rhodium dust; Illustra- 
tions 1b and 1c show Practical applications 
of the metal. In the former, a small rhodium 
plate has been soldered to silver contacts on 
the electrical relay. The latter illustration shows 
a relay with gold-covered contacts onto which 
rhodium has been electrolytically deposited. 


known, and as such is part : e alloy 
composing the standard mete: ı metal 
bar, housed in Paris, that rc; nts the 
international unit of length um is 
used primarily as a hardeni: ont in 
platinum alloys. These alloys ed for 
jewelry and surgical pins pivots, 
With their superior resista o the 
action of the high-temperat lectric 
spark, they are widely used f trical 
contacts and sparking points ium is 
also used in special laborato cibles 
for high-temperature analys l it is 
used in osmium alloys for fi n pen 
points, 

Tridium and osmium are p ly the 
subjects of scientific debat erning 
which of the two is the den metal. 
When this debate is resolve e will 
have the distinction of being iviest 
natural element. 

Palladium was named for t teroid 
Pallas, discovered two years ; to the 
discovery of palladium. It least 
dense and lowest-melting of plat- 
inum metals, and has the uni ibility 
to absorb 900 times its volum hydro- 
gen at room temperature. Whe: heated, 
palladium allows hydrogen diffuse 
through it, and thus can be applied as a 


purifier for the gas. In the finely divided 
state, the metal is an excellent catalyst 
for hydrogenation and dehydrogenation 
reactions. Like gold, palladium can be 
beaten to extreme thinness—in fact, into 
sheets only 1/250,000 in. thick. This mal- 
leability lends the metal applications in 
fashioning jewelry; with gold, palladium 
forms the alloy known as white gold. Be- 
cause it can be cold-worked, and because 
it is highly resistant to corrosion, palla- 
dium is used in dentistry and for making 
surgical instruments. 

Each of these three noble metals forms 
a respectable number of compounds, and 
in so doing demonstrates oxidation states 
of +3 for rhodium, +3 and +4 for irid- 
ium, and +2 and +4 for palladium. 


CHEMISTRY OF IRIDIUM—The powdery gray 
mass shown is finely divided iridium. Elec- 
tronically, this element's most stable valences 
are +3 and +4, although the metal exhibits 
zero and +1 oxidation states in certain com- 
pounds. 

When reacted with chlorine at temperatures 
between 600 and 700° C (1,112 and 1,292? F), 
finely divided iridium forms the trichloride, 
IrCl5. The compound is a green, powdery ma- 
terial that is insoluble in water. 

Iridium hydroxide, Ir(OH)s, is a rather un- 
stable substance that tends to combine with 
oxygen, forming the more stable dioxide. This 
reaction demonstrates iridium's most stable 
oxidation state, +4. The dioxide, IrO., is 
highly unsoluble in water, and is not af- 
fected by any of the acids, even when the acid 
is heated. 

Although iridium does form halides in its 
+4 state, these compounds are not very 
stable. 


iY OF PALLADIUM—Palladium is 
mportant of the platinum metals. 
f the ease with which it absorbs 
jhen the metal is finely divided, 


palladium is used in numerous catalytic re- 
actions. The main source of the metal is the 
nickel industry, where palladium is obtained 
as a by-product. 


Like platinum, palladium is silvery-white, but 
when heated in the air loses its luster and 
becomes the oxide, PdO, a strong oxidant. 
Palladium is the softest and most ductile of 
the platinum metals. 

It is in the production of special alloys that 
palladium finds its major use. Such alloys are 
used, for example, to make delicate, high- 
precision instruments such as surgical tools 
or bearings for analytical balances. 

Illustration 3a shows ammonium chloroplat- 
inate, which when heated forms the palladium 
“sponge” in Illustration 3b. When the “sponge” 
is melted (Illustration 3c), the result is the pure 
metal (Illustration 3d), ready for working into 
sheets or for alloying with other metals. 

Finely divided palladium can be used to 
obtain hydrogen of extremely high purity, and 
such gas is important in precision physical 
research. The metal's best-known alloys are 
those used in ornamental work such as jewelry. 
White gold is an alloy of 80 percent gold and 
20 percent palladium. 

Palladium exhibits two oxidation states, +2 
and +4; the former is the more stable. Of the 
bivalent compounds, the oxide is the most 
important, and it is obtained by reacting pal- 
ladium chloride with alkalis. The chloride is 
important not only as a reactant in this proc- 
ess, but also as a detector of deadly carbon 
monoxide. In the presence of this gas, the 
chloride is reduced to hydrochloric acid, car- 
bon dioxide, and black, metallic palladium. 
The color of the metal indicates the presence 
of the gas. 

Palladium sulfide is obtainable by direct 
synthesis of the elements. The metal also 
forms relatively stable halides, notably the 
bromide and iodide. 

In the 4-4 oxidation state, palladium com- 
pounds are somewhat difficult to produce and 
are relatively unstable. The dioxide, PdO;, 
when hydrated with a water molecule, forms 
a red compound that easily loses an oxygen 
atom. The disulfide, obtained by direct syn- 
thesis, is black like palladium sulfide, but is 
less stable. 
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LITHIUM AND POTASSIUM | 


Lithium (Li) and potassium (K) are the 
first and third members of the alkali met- 
als in Group IA of the periodic table of 
the elements. These two elements, along 
with sodium, are among the most reac- 
tive elements, and are never found in a 
free state in nature. 

Having all of the properties generally 
associated with metals, lithium and po- 
tassium are good conductors of heat and 


PETALITE—Although lithium is widely distrib- 
uted in nature, its concentration in ores is 
relatively low. The sample of petalite in the 
illustration has the composition Li(AISi,O;;). 
Other important lithium ores are spodumene 
and lepidolite. 
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SYLVITE (POTASSIUM CHLORIDE)—This ore 
crystallizes cubically and often contains so- 
dium and magnesium chlorides as impurities. 
Similar in appearance to rock salt, it differs 
both in taste and in the color it imparts to a 


= flame. 


2 


electricity; in the pure state, they have a 
silvery luster and are quite soft. Both are 
extremely ductile and malleable, although 
they must be handled with extreme care 
because of their reactivity in air. 

Lithium and potassium have the crys- 
talline structure common to the other 
Group IA metals. Both are univalent, the 
valence electron creating a cloud of neg- 
ative charge within the crystal lattice. 
This is one explanation of their plastic 
mechanical properties. Lithium and po- 
tassium can be cut with a knife because of 
the uniform charge distribution through- 
out their structures. The attractions (be- 
tween the electrons and the nucleus) al- 
low the metals to undergo considerable al- 
teration with destruction of the electrical 
equilibrium. This is in sharp contrast to 
iron, for example, which is much harder 
and more brittle than the alkali metals, 
and which has a tendency to maintain its 
shape at normal temperatures. 

The accompanying chart of the alkali 
metals shows that their properties vary 
uniformly with respect to increasing 
atomic weight. The ionization potentials 
and melting and boiling points show a 
constant decrease, while ionic radii and 
density (or specific gravity ) increase pro- 
portionately. The relatively large differ- 
ences between the properties of lithium 
and those of the elements following it are 
due to its small ionic radius. 

Because the lone valence electron is 
weakly bound, the alkali metals readily 
produce brilliant emission spectra. Exam- 
ples are provided when the easily volatil- 
ized chlorides are held in a flame, show- 
ing the characteristic colors for these 
elements: red for lithium, yellow for so- 
dium, violet for potassium, and red and 
blue for rubidium and cesium, respec- 
tively. The common flame test for the 
presence of these elements is based on 
these emission spectra. 


CHEMICAL PROPERTIES 


Because they tend to lose their valence 
electrons easily, the alkali metals are 
strong reducing agents. The pure metals 
are unstable when exposed to air, and 
must be stored in mineral oil. They react 


violently with water, liberat: 
gen—a reaction that incr 
atomic weight of the alkali : 
The general equation for this 
2M + 2H;0 > 2M* + 20H- 
bidium and cesium, the large 
kali metals, are so reactive th 
only be handled in an inert 
and are explosive in contact 
ture. Cesium, the first elen 
ered by use of the spectros: 
most reactive of all metals, : 
inflaming on exposure to air 
With oxygen, the alkali n 
several compounds: oxides (wi 
eral formula M3O); peroxid: 
trioxides (MzO;); and 
(MOz), although not all arc 
every element. The oxides 
water to produce hydroxide: 
to the reaction M;O + H: 
20H-. On the other hand, th: 
yield hydroxides and hydroge: 


M20: + 2H20 > 2M+ + 20H 


The alkali metal hydroxides 
all common acids to produce 
compounds are solid, ionic 
and colorless, with high me! 
They are all soluble in wate: 
fused state are good electrica! 


ORTHOCLASE (POTASSIUM FE 


These orthoclase crystals are th 


variation of quartz. The compos: 
mineral is KAISi;O.. 


mental health 
and fertilizers 


z hydro- 


with 
ıl used. 


ction is 


» Ru- 
the al- 
vey can 


osphere 


; mois- 
liscov- 
is the 
ng and 


form 
he gen- 
M202); 
roxides 


ned by 


ct with 


cording 
2M+ + 


roxides 


talline, 
points. 
in the 
uctors. 


;PAR) — 
amethyst 
of this 


PHI , KCa(Al; Si;0;,) + 6H,0—This po- 
tass : forms monoclinic crystals. It is 
Just ! many occurrences of twin crystals 
in v two or more elements assume a 
rhor iecahedral structure. 
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IRO D POTASSIUM SULFATES — These 


con is, from aqueous solutions, were 
pho: :phed under polarized light. (100 X) 


NA? URAL DISTRIBUTION, 
PRODUCTION METHODS, 
AND USES 


Sodium and potassium are the most 
widely distributed alkali metals, occupy- 
ing sixth and seventh place in abundance, 
respectively. Less widely found is lith- 
ium, while rubidium and cesium are quite 
rare. Francium, the last of the alkali 
metal group, exists only in the nuclear 
physics laboratory, where it has been 
identified through the decay of its nu- 
cleus. Since most of the compounds of 
these metals are soluble, they are found 
in seawater, in salt springs, and in some 
deposits formed by the evaporation of 
ancient seas. Combined with oxygen and 


silicon, they are also found in silicates, 
the largest group of minerals in the 
Earth’s crust. 

Tons of sodium and potassium are basic 
constituents of plant and animal tissue. 
Physiologically, sodium is of vital im- 
portance; it is part of the electrolyte sys- 
tem in the human body, and its absence 
or excess can be fatal. A common symp- 
tom of a loss of sodium is "summer weak- 
ness,” caused by sweating. The simple 
salt tablet is an immediate remedy. 

The alkali metals cannot be produced 
by direct chemical methods because no 
reducing agents are more powerful than 
the metals themselves. Thus, they are 
obtained by the electrolysis of their fused 
compounds. Electrolysis of their aqueous 
solutions is ineffective because hydrogen 
is evolved at the cathode. (Even hydro- 
gen is reduced more readily than the al- 
kalis.) 

Industrially, the alkali metals are used 
as strong reducing agents in the prepara- 
tion of soluble salts of many acids. In 
the molten state, the metals are used in 
nuclear reactors to transfer heat away 
from the core. One disadvantage of the 
molten alkali metals results from their 
vigorous attack on most materials. 


LITHIUM 


Lithium, the lightest of all metals, with a 
density only half that of water, was dis- 
covered in 1817 by the Swedish chemist 
Johann-August Arfvedson. At the time of 
its discovery in one of its ores, petalite, it 
was believed to occur only in minerals. 
Hence, its name is derived from the 


ALUMINUM-COPPER-LITHIUM ALLOY — This 
is a photomicrograph of an alloy containing 87 
percent aluminum, 10 percent copper, and 3 
percent lithium. (100 X) 


KAINITE—Large quantities of this potassium 
ore are used as a raw material in industry. 


Greek lithos meaning "stone." Later in- 
vestigation showed its presence in the 
human organism and in plants, however. 

The most important ores of lithium are 
lepidolite (also called lithium mica), 
spodumene, petalite, and amblygonite. In 
the pure state, lithium is less reactive 
than the other alkali metals. In solution, 
however, it is the strongest reducing 
agent known. Were it not for its ex- 
tremely corrosive effect on other mate- 
rials, it would find efficient use in heat ex- 
changers due to its high specific heat 
(0.784 calories per gram at 0* C). In the 
metallic state, lithium has limited use, 
though a minute quantity was used to 
make the glass for the 200-in. Mount 
Palomar telescope. Lithium also finds 
some application in metallurgy to degas 


————————— 


MICROSTRUCTURE OF THE ALUMINUM- 
COPPER-LITHIUM ALLOY—This photomicro- 
graph of the alloy in Illustration 6 reveals 
the aluminum-copper-lithium mixture as dark 
areas. The lighter spaces are copper-aluminum 
mixtures with traces of iron impurities. (500 X) 
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Atomic Ionization Ion radius, Density, 

Element number potential, ev À gle 
lithium 3 5.39 0.60 0.53 
sodium 11 5.14 0.95 0.97 
potassium 19 4.34 1.33 0.86 
rubidium 37 4.18 1.48 1.53 
cesium 55 3.89 1.69 1.87 
francium 87 - (1.75) - 
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copper and its alloys and to harden lead- 
and calcium-based alloys. 

Among the compounds of lithium are 
lithium carbonate, recently found useful 
in the treatment of manic depressive psy- 
chosis, and the bicarbonate, used to com- 
bat hyperuricemia (excess uric acid in 
the blood), Aside from their medical 
uses, lithium compounds such as the fluo- 
ride are used in making special lenses for 
infrared spectroscopes. Lithium alumi- 
num hydride is a reducing agent em- 
ployed in organic chemistry. Lithium 
chloride is one of the most hygroscopic 
materials known, and is able to extract 
large quantities of moisture from the air. 
In this respect it is occasionally used in 
air conditioning and industrial drying 
systems. 


POTASSIUM 


The name potassium comes from the ar- 
chaic term “pot ashes,” used to describe 
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the extraction of sodium nitrate by evap- 
oration of its aqueous solution in an iron 
pot. The element was unknown to medie- 
val alchemists, who confused sodium 
carbonate with potassium carbonate. The 
symbol of potassium, K, is derived from 
the Latin kalium. The element was dis- 
covered in 1807 by the English chemist 
Sir Humphry Davy, and was the first 
metal to be isolated by electrolysis. 

Widely distributed in nature, the pri- 
mary deposits of potassium are in the 
form of silicates such as leucite and or- 
thoclase. By weight, potassium makes up 
about 2.4 percent of the Earth’s crust, 
mostly in the form of insoluble com- 
pounds. 

Secondary potassium deposits of the 
ores sylvite, carnallite, and kainite are 
also quite widespread. Sylvite and car- 
nallite, for example, are found in ancient 
lake and seabeds, which provide a rela- 
tively accessible source of the element. 
It is also present in seawater, but only 
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LITHIUM AND POTASSIUM FLAMES — When 
held in a flame, many salts volatize and pro 
duce characteristic colors. The red flame in 
Illustration 9a is typical of lithium compounds 


(the chloride is used because of its volatility), 
while the purple flame in Illustration 9b char- 
acterizes potassium compounds. 


elting 


point, °C 
179.0 1 
97.5 
62.3 
38.5 
28.6 
to a minor extent compare dium, 

Having few advantages : sodium, 
metallic potassium finds lit! > in in- 
dustry, In combination * sodium, 
however, it is used to make oy con- 
taining about 77 percent pc m. This 
alloy melts at —13.3° C (7 and is 
used as a coolant in nuclea tors, 

The most important p m salts 
are chloride, nitrate, and te; they 
are used mainly in fertiliz In many 
chemical applications, pot ım salts 
are preferable to those of so because 
of their better solubility ar stalliza- 
tion factors. In the glass an p indus- 
tries, potassium carbonate fi ide use, 
and potassium nitrate (salt ) is one 
of the major ingredients i 'k gun- 
powder. 

OTHER USES OF POTA: M 
Many salts and preparation 'tassium 
are used in medicine. Pota acetate 
has been recommended in atment 
of cardiac arrhythmias; po m arse- 
nite solution, for chronic »genous 
leukemia; and potassium bi nate, as 
an antacid. 

Potassium bromide is used »edicine 
as a sedative, and it is used »'so in the 
preparation of photographic «mulsions 
and in process engraving. Potassium io- 
dide is used in organic chemical syn- 


theses, in animal and poultry feed, and 
in table salt. 

The most successful “decay clock” for 
dating archeological events so far is the 
potassium-argon method. It is based on 
a so-called closed system in the sense that 
radioactive potassium (with a half-life 
of 1,300,000,000 years) decays into argon. 
and both are locked in with the parent 
material that is being dated. The long 
half-life makes possible the dating of 
objects that are far too ancient to be 
accessible to the radiocarbon method of 
dating. 


TITANIUM 


HISTORICAL INFORMATION 


Titanium (Ti), atomic number 22, along 
um and hafnium, is a mem- 


ber of Group IVB of the periodic table. 
The discovery of this element is gener- 
ally attrited to the English mineral- 
ogist V : Gregor. In 1791, while 
studying black sands near the Cor- 
nish tc Manaccan, he found that 
some : grains stuck to a magnetic 
miner: ;olving some of these grains 
in hyd: id, he obtained a green, 
insolu! ipitate and a solution con- 
taining \nalysis of the precipitate 
reveale 'esence of magnesium and 
silicon »me other substance whose 
naturc vot fully understood. Gregor 
named stance menachanite, after 
the to: Manaccan. 

Four later the German chemist 

M.H th conducted independent 
researc ie same minerals. His work 
convin n that a new element had 
been d ed. He named this element 
titaniu ı the Latin Titans, the first 
sons of wrth in mythology. Titanium 
and it rties were finally studied 
and d | by the Swedish chemist 
i (1825) and the German 
chemis irich Wöhler (1849). Not 
unti] 19 wever, was the pure metal 
obtain: 
TITANIU vo allotropes of this metal exist: 
the alp! a compact, hexagonal lattice, 
stable a ry temperatures; and the beta 
form, w ccurs at temperatures above 
882* C 1,620? F), and is unstable be- 
low this 


from earthbound 
steels to outer space 


ORES AND PROPERTIES 


Titanium makes up 0.6 percent of the 
weight of the Earth's crust, and is the 
ninth most abundant element, exceeding 
chlorine, carbon, and sulfur in quantity. 
Although titanium is widely distributed, 
rich deposits of the element are rare. It 
is almost always present in igneous rock 
and its sediment; it is found in meteor- 
ites, and has been detected in the sun 
through spectroanalysis. 

The major titanium ores are rutile, 
a tetragonal variety of titanium dioxide; 
ilmenite, or iron titanate; and sphene, a 
complex mineral containing calcium, sili- 
con, oxygen, fluorine, hydrogen, and ti- 
tanium. 

Because it combines readily with car- 
bon to form an extremely stable carbide, 
titanium cannot be obtained by ordinary 
carbon reduction processes. It also com- 
bines readily with oxygen, nitrogen, and 
hydrogen, all of which have an adverse 
effect on its mechanical properties. As a 
result, titanium must be processed in 
their absence. 

In 1946, the Kroll process was invented 
to obtain the pure metal from its tetra- 
chloride. An ore such as rutile is heated to 
red heat with carbon and chlorine to pro- 
duce the tetrachloride: TiO; 4- C + 2Cly 
> TiCl, + COs. The tetrachloride, a fum- 
ing, corrosive liquid with a melting 
point of —25° C (—13° F) and a boiling 
point of 136.4? C (about 277° F), is puri- 
fied by fractional distillation. The liquid 
then is reduced to the metal with mag- 
nesium at 800°C (1,472? F) in an argon 
atmosphere. From this process, titanium 
emerges as a spongy mass that can be 
melted in an electric furnace (again in 
an inert atmosphere) and shaped into 
ingots. 

Extremely pure titanium can be ob- 
tained on a laboratory scale by means of 
the van Arkel-deBoer process. Instead of 
the tetrachloride, titanium tetraiodide 
is vaporized in a vacuum, and the pure 
metal is deposited on an incandescent 
tungsten filament. 


PHYSICAL AND MECHANICAL 
PROPERTIES 


At normal temperatures, titanium atoms 
form a compact hexagonal lattice. This 
structure changes at around 882°C 


RUTILE—This mineral is the most common al- 
lotropic form of titanium dioxide. The illustra- 
tion shows a piece of quartz that contains in- 
terwoven, needle-shaped rutile crystals. 


(about 1,620° F) to a cubic formation. 
In many ways, this element is similar to 
other transition metals such as iron and 
nickel; it is hard and refractory—it melts 
at 1,725° C (3,137° F) and boils at 3,262° 
C (about 5,903° F)—and is a good con- 
ductor of heat and electricity. Titanium 
has a low specific gravity compared to 
other metals that resemble it mechan- 
ically and physically. Because it is quite 
resistant to many types of corrosion and 
to high temperatures, titanium is used in 
turbines, in marine engineering, and in 
the chemical industry. 

Although not too reactive at ordinary 
temperatures, titanium combines directly 
at elevated temperatures with many non- 
metals such as hydrogen, oxygen, nitro- 
gen, the halogens, boron, carbon, silicon, 
and sulfur. Titanium compounds such as 
the nitride (TiN), carbide (TiC), and 
the titanium borides TiB and TiB, are 
interstitial, quite stable, quite hard, and 
refractory. Because these compounds 
form a surface film on the elementary 
metal, they are able to protect it from 
corrosion, with a subsequent improve- 
ment in its mechanical properties. 

In the presence of hydrogen, titanium 
becomes brittle; its mechanical proper- 
ties are all but destroyed. Because the 
atomic radius of hydrogen is so small, it 
can invade the lattice structure of tita- 
nium, filling the empty spaces. The result 
is an expansion of the lattice with a cor- 
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ANATASE—Like rutile, anatase is a form of 
titanium dioxide. The sample in this illustration 
is anatase on magnetite, of the type mined in 
Switzerland. 


responding weakening of the forces hold- 
ing it together; hence, the brittleness. 

When cold, titanium is impervious to 
the action of most mineral acids; it dis- 
solves readily only in hydrofluoric acid. 
Whether cold or hot, it is totally un- 
affected by aqueous alkali solutions. Tra- 
ditionally used as a component in special 
steels, titanium is now primarily used in 
the aerospace and defense industries. 
The metal is produced in large quanti- 
ties in the United States and the Soviet 
Union, 

Titanium is used in alloy with many 
metals, among them aluminum, chro- 
mium, manganese, vanadium, molybde- 
num, and zirconium. Its properties are 
substantially improved when alloyed. Ti- 
tanium alloys are used, for example, to 
build aircraft parts and engines having 


ILMENITE—Elementary titanium is extracted 
from ilmenite, rutile, and sphene. A ferrotita- 
nate, FeTiO;, ilmenite forms trigonal crystals. 


the structural and chemical stability of 
steel without the weight of steel. In 
some instances, titanium or an alloy is 
the only usable metal. A case in point is 
the type of tank used for storing liquid 
oxygen in rockets. The liquefied gas, at 
temperatures around —190°C (—310* 
F), causes ordinary metals to become 
brittle and useless; a titanium-aluminum- 
vanadium alloy withstands such tempera- 
tures superbly, 


THE CHEMISTRY OF TITANIUM 


Titanium is found in three oxidation 
states, +2, +3, and +4, with the last 
forming the most stable compounds. Bi- 
valent titanium compounds are rare and 
do not exist in moist environments be- 
cause they are oxidized by water. 

Of most interest to the chemist is tri- 
valent titanium. Compounds of this oxi- 
dation state are obtained by the elec- 
trolysis or chemical reduction of aqueous 
solutions of the tetravalent salts. In water, 
the complex Ti(H;O);* ion imparts 
a violet color to the solution. The most 
important trivalent salts are the halides, 

Perhaps the tetravalent titanium com- 
pound of greatest importance is titanium 
dioxide, TiO». Possessing considerable 
opacity, it is used as a brilliant white 
paint pigment. From the technical view- 
point, the halides, especially titanium 
tetrachloride, TiCl, are important; the 
tetrachloride is used to obtain the pure 
metal. In water or moist air, titanium tet- 
rachloride hydrolyzes to produce hydro- 
chloric acid and titanium dioxide. During 
this reaction, great quantities of dense 
white smoke are produced. More than 
just a laboratory curiosity, this reaction 
is used to produce smoke screens and has 
been used in skywriting, 

In combination with metallic cations, 
tetravalent titanium forms a series of 
compounds called titanates, These can be 
subdivided into two isomorphous series: 
the ilmenites, FeTiO; which include 
titanates of magnesium, manganese, co- 
balt, and nickel; and the perovskites, 
CaTiO;, which include strontium and 
barium titanates. 

While there is no such compound as 
titanic acid, a hydrated form of titanium 
dioxide, with the possible formula 
Ti(OH),, is known. A qualitative test for 
the presence of titanium involves the 


PEROVSKITE—The illustra 
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treatment of a tetraval 
with a peroxide (hydro; 
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NIOBIUM AND TANTALUM 


Niobiu Nb) and tantalum (Ta), dis- 
covere 1801 and 1802, respectively, 
are : tals with only slight geo- 
graph stribution. Since the two are 
alway nd together in nature, and 
since hibit similar properties, the 
diffici urrounding their original dis- 
cove inal isolation are understand- 
able 

In orking with an ore sent to 
Eng! the first governor of Con- 
nect e than a century earlier, the 
Engl mist Charles Hatchett dis- 
cover element unknown until then. 
In hc America, the source of his 
ore, h ‘d this mysterious metal co- 
lumb: he following year, the Swed- 
ish cl \, Ekeberg discovered tan- 
talun similar circumstances. This 
elem vs its name from a character 
in Gr thology, Tantalos the father 
of Ni 

For years, many chemists con- 
sidere imbium and tantalum to be 
the s ement. In 1844 the German 
chemi inrich Rose, and later, in 
1866. iss chemist J. C. G. de Mari- 
gnac nstrated that niobic and tan- 
talic : vere two distinct compounds. 
In his ch, Rose actually dealt with 
only ment, which he called nio- 
bium nally, his belief led him to 
conch e existence of two metals, a 
mista! owing out of his work with 
comp in which niobium showed 
differ. xdation states. What was 
more metal had properties identi- 
cal to e of columbium, forcing him 
to conclude that he had rediscovered the 
element discovered 40 years previously 


by Hatchett. Thus, chemistry was in the 
somewhat unique situation of having one 
element with two accepted names: co- 
lumbium and niobium. It was not until 
1950 that niobium became the officially 
recognized name for the metal. 

The most extensive deposits of niobium 
and tantalum have been found in Africa, 
Canada, Norway, and the United States. 
Niobium is found in columbite-tantalite 
(containing iron, manganese, tantalum, 
and oxygen in addition to niobium), 
euxenite (composed of niobates, tanta- 
lates, and titanates of rare earths), and 


COLUMBITE OR NIOBITE—This somewhat 
rare ore is a ferrous metaniobate in isomor- 
phous mixture with tantalite. It always contains 


an almost 
inseparable union 


some manganese, and may include tin and 
tungsten. It crystallizes orthorhombically. This 
sample is from Madagascar. 


SSeS 


pyrochlore (a complex of niobium, cal- 
cium, fluorine, oxygen, and sodium). 
Tantalum ores include fergusonite (a 
rare earth tantalate), tantalite, micro- 
lite (containing tantalum, calcium, and 
oxygen), and samarskite. The latter con- 
tains twelve elements in addition to tan- 


talum and is mined in the Urals of the 
Soviet Union. 


REFINING METHODS 


Because niobium and tantalum have 
strikingly similar properties and are al- 


————————————————————— 


EUXENITE—An isomorphous mixture of rare 


earth niobates and tantalates with titanates, 


this ore forms orthorhombic crystals. The sam- 


ple shown here was found in Norway; the ore 
varies in color from black to brown to greenish. 
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PYROCHLORE—A calcium niobate with so- 
dium fluoride, pyrochlore sometimes contains 
the corresponding tantalate in isomorphous 


ways found together in nature, the prob- 
lems in refining are obvious. In addition 
to being separated from the other ele- 
ments in their ores, niobium and tan- 
talum must be isolated by somewhat 
complex processes. 

Generally, the ores are fused with so- 
dium carbonate to produce sodium nio- 
bates and tantalates. When treated with 
hydrochloric acid, insoluble hydrated ox- 
ides are precipitated. These, in turn, are 
mixed with hydrofluoric acid to produce 
salts of the elements, each with different 
degrees of solubility. Thus, they can be 
separated by fractional crystallization. 

The oxide of niobium produces the 
oxyfluoniobate anion NbOF;?-, whose 
salts are very soluble, and the tantalum 
oxide forms the heptafluotantalate anion 
TaF;?-, forming less soluble salts. Thus, 
the metals are obtainable from their 
separated compounds; tantalum by di- 
rect sodiothermy from the fluotantalate 
and niobium by aluminothermy from its 
pentoxide. 

Tantalum is remarkable in its inert- 
ness. This property has made it a valu- 
able tool in surgery, where it is used to 
replace bone, especially in the skull. The 
metal is also used in neurosurgery to tie 
severed nerves, and as a fine webbing 
to fasten muscle tissue in abdominal 
operations. 


mixture. It forms cubic hexoctahedral crystals 
that can be colorless, yellow, or brown, as in 
this sample from Canada. 


Niobium lends special properties to 
steel alloys, imparting greater strength 
to both ferrous and nonferrous metals. 
In special alloys it is also a supercon- 
ductor, and a special niobium-zirconium 
wire is able to retain its superconduc- 
tivity even in the presence of strong 
magnetic fields. The latter property may 
find use in the direct, large-scale genera- 
tion of electric power. Some niobium al- 
loys are used in atomic energy reactors 
because of properties that include low 
resistance to thermal neutrons. 


THE CHEMISTRY OF NIOBIUM 


Niobium is a platinum-gray metal with 
a brilliant luster. It acquires a bluish 
cast when exposed to air at room tem- 
peratures for prolonged periods. With 
respect to physical properties, it differs 
from tantalum primarily in its greater 
fusibility and lesser ductility. It is com- 
pletely unaffected by all acids except 
hydrofluoric, but is attacked by alkalis 
in the fused state. Hot hydrogen will also 
react with the metal. Niobium reacts 
slowly with carbon, and combines with 
nitrogen at relatively low temperatures 
to form a nitride. These two compounds 
are interstitial in structure, since the 
carbon or nitrogen occupies the free 
spaces between the niobium atoms. 


NIOBIUM +3 AND +4 
COMPOUNDS 


It is possible to produce compounds of 
niobium in the trivalent state, though 
none have been definitely isolated. In 
theory, these should be obtainable by the 


electrolytic reduction of niobic acid, 
H;NbOs, in a sulfuric acit bath on a 
platinum cathode. 

The existence of niobiu lioxide is 
known, although the oxid: state of 
the metal is not precisely ^ »own. The 
metal's ions may be present ı 1:1 ratio 
of the +3 and +5 states. I: case, the 
dioxide is an inert bla: vder ob- 
tained by reducing niobit :toxide. 
NIOBIUM 45 COMPO! 1 
Like all of the Group V! nents, the 
pentavalent state of niobi the most 
stable, Known pentaval: ompounds 
include the pentoxide, ^ a white, 
fairly stable powder that soluble in 
acids or water. When fus th alkalis, 
it yields niobates that are le in aque- 
ous alkaline solutions. 

There are several clas f niobates: 
the orthoniobates, havi: »e general 
formula MesNbO, (vw! Me repre- 
sents an alkali metal metanio- 
bates MeNbOs, and | xaniobates 
MesNb;Ois. 

Niobium also combin: h the halo- 
gens in its +5 state, in v cases by 
direct reaction with t! logen. For 
example, niobium chlori formed by 
heating the metal in the ence of ele- 
mentary chlorine. Niobiu ntaffuoride 
was first obtained by tre ; the penta- 
chloride with hydrofluoric acid. An oxy- 
chloride is another of the niobium ha- 


lides. While they are solic vaterials, the 
halides of niobium are rather volatile; 
the oxyhalides are less so 


THE CHEMISTRY OF 
TANTALUM 


The value of this metal in the pure state 
certainly outweighs the difficulties of re- 
fining. Tantalum is extremely ductile an 

is highly resistant to most common acids. 
The metal is silvery in color and luster, 
and similar to platinum in some respects. 
In addition to its use in surgery, it func- 
tions as a catalyst in the manufacture © 


synth rubber. Special steels incor- 
pora! ses of tantalum, and it is some- 
times wsed to replace platinum, which is 
also lly insoluble in acids. Tanta- 
lum i- also used in components of elec- 
tron ; and rectifiers. 

Presently, tantalum is obtained by the 
red: of potassium heptafluotanta- 
latc . The metal produced in this 
way mite pure, although certain ap- 
plic demand that it be purified 
eve her, Like niobium, tantalum ab- 
sorb: lrogen when hot, and reacts 
wit ;on and nitrogen to form the 
car nd nitride that are similar to 
tho: niobium. Tantalum carbide, an 
extr hard material is used as an 
abr and in cutting tools used in 

i steel. 


mac 
TI istence of bivalent, trivalent, 
and valent compounds of the metal 
is k 1, but they are little more than 


labor:'ory curiosities at present. As yet, 
they not been isolated with ease 
bec of a marked tendency to oxidize 
raj 

co NDS OF +5 

TA UM 

Exc minor respects, the pentavalent 
tant; compounds behave like their 
niol homologs. Tantalum pentoxide 
is : powder, soluble only in hydro- 
fluc id. It is easily obtained by 
burning the metal in air. This compound, 
when fused with alkalis, forms tantalates, 
which: are homologs of the niobates; these 
include the orthotantalates and the alka- 


line hexatantalates, NasTagO19 © nH2O. 
Tantalum halides include the penta- 
fluoride, pentachloride, and bromide. 
The chloride is prepared by treating 
tantalum pentoxide with carbon tetra- 
chloride in the presence of chlorine: 


Cl. 
Ta;O; + 5CCl, — 2TaCl; + 5COCI2. 


The pentachloride is immediately hy- 
drolyzed by water unless some hydro- 
chloric acid is present. The reason is 
probably due to the formation of the 
somewhat unstable hexachlorotantalic 
acid, H(TaCl,). Tantalum pentafluoride 
and pentachloride are crystalline, color- 
less, and similar in appearance to their 
niobium equivalents. 


FERGUSONITE—A tantalate of yttrium, iron, 
and rare earths, fergusonite also contains tin 
and tungsten. Certain varieties are rich in ti- 
tanium. The crystals of fergusonite are tetrag- 


bination with sodium fluoride, microlite is often 


MICROLITE—A tantalate of calcium in com- 


onally shaped, and its color ranges from gray 
to brown to yellow. The sample in this illus- 
tration was found in Norway. 


sponding niobium ore pyrochlore. Like pyro- 
chlore, its crystals are cubic hexoctahedral. 


found in isomorphous mixture with the corre- This sample was found in North Carolina. 
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RADIUM AND ASTATINE 


At about the same time that the German 
physicist Wilhelm Roentgen discovered 
x-rays, the French physicist Henri Bec- 
querel began investigating the relation- 
ship between the fluorescence of certain 
minerals and their emission of penetrat- 
ing rays. His experiments led to the dis- 
covery that some natural fluorescence is 
independent of exposure to x-rays. Part 
of his proof was based on the fact that 
photographic paper could be exposed by 
certain fluorescent minerals even though 
the paper was shielded from visible light. 
Fluorescent radiation, therefore, was 
much more penetrating than light radia- 
tion, and quite distinct from Roentgen's 
x-radiation. These new rays came to be 
known as Becquerel rays. 

Becquerel’s research was soon followed 
by the discovery that his rays had noth- 
ing at all to do with fluorescence. It was 
demonstrated that several nonfluorescent 
materials have identical Becquerel ray 
emission properties. The Polish physical 
chemist Marie Curie discovered that tho- 
rium was one such substance. The emis- 
sion property was given a new name— 
radioactivity. Radioactivity is intrinsic 
in matter and independent of any chem- 
ical process; thus, it cannot be studied as 
a chemical reaction. 

The next in this series of discoveries 
came when Marie and Pierre Curie be- 
gan their now-famous work with ura- 
nium. They noticed that the ores and 
derivatives of uranium displayed the 
property of emitting Becquerel rays 
more distinctly than pure uranium. Since 
no radioactive element was known at 
that time, the Curies postulated that 
uranium ores contained a strongly radio- 
active new element. 

Following this tack, the Curies treated 
pitchblende (a uranium oxide ore) with 
various reagents, separating small quan- 
tities of other elements from it. The two 
scientists found that one of the elements 
often associated with uranium—bismuth 
—was extremely radioactive when precip- 
itated as bismuth sulfide, Furthermore, 
when the sulfide was dissolved in hydro- 
chloric acid and a silver wire immersed 
in the solution, the radioactivity was 
transferred to the wire. This offered proof 


that an unknown element was present in 
pitchblende, and Madame Curie called 
this element polonium in honor of her 
native Poland. 

Another element contained in uranium 
ores and showing radioactive properties 
was barium, which the Curies precip- 
itated as barium sulfate. This led them to 
conclude that a second unknown element 
had been discovered. To recover it, they 
converted the sulfate to the bromide and 
subjected the latter to fractional distilla- 
tion, obtaining not only barium bromide, 
but other bromides with varying degrees 
of radioactivity. In particular, one bro- 
mide compound appeared to exhibit 
marked radioactivity. In 1898 the Curies 
succeeded in isolating 0.1 g of the bro- 
mide of the unknown element from about 
two tons of pitchblende, and called their 
discovery radium (Ra). Radium’s exis- 
tence had been predicted by Mendeleev, 
who left a blank space for it in his peri- 
odic table. 

Once this highly radioactive element 
had been discovered and isolated, the 
Curies launched an exhaustive study of 
the nature of the powerful radiation 
emitted by certain elements. With the 
aid of special electrical fields, they 
proved that the emissions of radium were 
of three different types. The first were 
particles with a +2 charge and a mass of 
4; the Curies called these alpha particles. 
The second type consisted of particles 
with a charge of —1, but with a mass too 
small to be measured; these were named 
beta particles. A third type was a power- 
ful emission similar to x-rays but of 
higher frequency, which the scientists 
called gamma rays. The painstaking re- 
search of the Curies led the English phys- 
icist Ernest Rutherford to theorize that 
these particles and rays were due to the 
elimination of matter and the correspond- 
ing liberation of enormous amounts of 
energy. All of this opened the way to Al- 
bert Einstein and his atomic physics. 

Radium is the most important of the 
radioactive elements. In contrast to ura- 
nium and thorium, the most stable isotope 
of radium, with an atomic weight of 226, 
has a relatively short half-life of 1,620 
years. The other isotopes, with which it 
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OBSERVING RADIUM — A preparation based 
on radium-226, like that In Illustration 18, 


often used to carry out simple observ! 


the properties of alpha, beta, an 


ations of 
d gamma radl- 


ation, The material contains radium and Itt 


decay products, with a radioactivity © 


f about 


are characterized by the two 
in their outermost shells, This 


explains not only their +2 valence, but 
also ^ their ions are smaller than those 
of th ighboring alkali metals. 


Ch. ally, radium is similar to bar- 
omewhat more active; and like 


all t ore electropositive metals, ra- 
dium ^ crates hydrogen from water at 
ordi: temperatures. The salts of ra- 
diun clude the carbonate, RaCO;, 
whic nly slightly soluble in water. 
This s identical in structure to cal- 
ciun nate, Radium sulfate, like bar- 
ium », is almost totally insoluble 
in w Radium chloride is a soluble 
salt | ced indirectly from the sulfate. 
RAD AND HUMAN 

PHYS OGY 

Radir ind its salts appear harmless 
enou »wever, the unseen alpha, beta, 
and g ı radiation present a serious ra- 
diolo: hazard to living tissue. There- 
fore. per limit of exposure has been 
estab) | amounting to two roentgens 


9 microcuries (corresponding to about 9 ml- 
Crograms of pure radium). The radioactive 
Substance Is contained in the metal capsule af- 
fixed to the cork, and is stored In a glass con- 
talner, The glass Itself does not allow passage 
of the slow alpha and beta particles, so the 


per month, and a total body content con- 
centration of 0.1 microgram. 

On contact with the skin, radium 
causes reddening, swelling, and ulcera- 
tion, as a result of the superficial pene- 
tration of alpha and beta particles. Such 
injury is not painful, but healing is diffi- 
cult. Prolonged contact presents greater 
physical danger from powerful gamma 
radiation, which is deeply penetrating, 
causing damage to deeper tissues such as 
lymphatic cells, reproductive cells, and 
embryonic cells. 

The gamma radiation of radium can 
be a two-edged sword, however. Since it 
destroys rapidly growing cells (embry- 
onic cells, for example), it can be used 
in the treatment of certain types of can- 
cer. However, the introduction of arti- 
ficial nuclides has largely replaced the 
use of radium in cancer treatment. 

Introduced into the human organism, 
radium causes an increase in cellular oxy- 
gen consumption, thus causing accelera- 
tion of the metabolic processes. In large 
or prolonged doses, however, it causes 
serious anemia and eventual death. A 


material must be removed from the container 
to study these radiations. Powerful gamma 
rays are not stopped by the glass, however. 
Illustration 1b Is a counter—an electronic de- 
vice that measures the number of particles 
emitted per second. 


witness to this is the number of deaths of 
persons working with radioactive ma- 
terials without observing necessary safety 
precautions. 


ASTATINE 


Element number 85, astatine (At), is a 
member of Group VIIA in the periodic 
table, sharing its place with the halogens. 
These elements are characterized by the 
seven electrons in their outermost shells, 
and by a strong tendency to complete 
these shells by acquiring an eighth elec- 
tron. Like the halogens, astatine has a 
common valence of —1, although it can 
assume positive valences as well. 

Astatine was discovered in 1940 at the 
University of California by Emilio Segré, 
K. R. Mackenzie, and Dale R. Corson, 
following the bombardment of bismuth 
with alpha particles: 


209Bigg + ordi»?! Atss + 9n] 


The name astatine is derived from the 
Greek astatos meaning “unstable.” 

The isotope thus produced has a half- 
life of 7.5 hrs and shows a dual decay; 
about 60 percent of the atoms emit alpha 
particles of 5.94 Mev (million electron 
volts) energy and transform into ?"'Bi, 
and the remaining 40 percent transform 
by orbital electron capture to *'Po 
(AcC’), which in turn emits alpha par- 
ticles of 7.43 Mev energy to become 
207Ph (AcPb). About 20 isotopes have 
been identified. 

Astatine also occurs naturally as a dis- 
integration product of uranium-238, ura- 
nium-235, and thorium-232. Its most 
stable isotope, astatine-210, has a half-life 
of only 8.3 hrs, while astatine-216 has a 
half-life of less than 0.001 sec—explaining 
why so little is known of its chemistry. 

Astatine is believed to be analogous 
in many respects to iodine, although 
somewhat more metallic. Like iodine, it 
collects in the thyroid gland. In the pres- 
ence of an alkali hydroxide, elementary 
astatine behaves according to the dis- 
mutation reaction typical of the halogens, 
producing an ion with a +1 charge, and 
one with a —1 charge. An affinity for sil- 
ver is also known. When a solution con- 
taining Ag+ ions is reduced in the pres- 
ence of astatine, the latter precipitates 
completely onto the silver. 
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raw material for transistors 


GERMANIUM 


The element germanium (Ge) was dis- Germanium’s existence had been pre- 
covered in 1886 by the German chemist dicted by Mendeleev, who assigned a 
C. Winkler, in argyrodite, a double sul- blank space for element number 32 in 
fide of the element and silver. Winkler his periodic table. This unknown mate- 
named the new element in honor of his rial was dubbed ekasilicon and some of 
native land. its properties were correctly predicted 
before its discovery. 
ARGYRODITE—This sample, mined in Bolivia, | , Germanium ores, which are not widely 
is the type of mineral in which germanium was | distributed, include argyrodite from Ger- 
first discovered. It is a germanium-silver sul- | many and Bolivia and the thiogermanate 


fide that forms orthorhombic crystals. The | now mined in South Africa. Traces of the 
mineral is found as small crystals, or as a 


compact black, mass with blue and purple | element are also found in association 
highlights. with zinc in its ores and in many silicates. 
1 However, the presence of germanium in 
most coal deposits assures a substantial 
future supply. 

Pure germanium is a crystalline, brit- 
tle, lustrous, grayish-white metal Its 
cubic structure is similar to that of dia- 
mond, and the metal is classed among 
the electrical semiconductors. 


THE CHEMISTRY OF GERMANIUM 


Germanium is quite stable at normal 
temperatures, but when heated it oxi- 


PROCESSING METALLIC GE \iUM—One 
of the by-products of zinc r ; is crude 
germanium dioxide, the starti int for ob- 
taining the pure metal. The c dioxide is 
converted to the tetrachloride , which is 
hydrolyzed into pure germaniu oxide. The 
Ó—— T" 
dizes to germanium dioxide, GeO». It is 
from this oxide that the meta! is obtained 
by reduction with either hydrogen or 


carbon. 

The metal is decomposed by such 
strong oxidizing acids as nitric, while 
reducing acids such as hydrochloric do 
not attack it. Dilute alkali hydroxides 
dissolve germanium to form germanates. 

Germanium reacts with all of the halo- 
gens; the tetrachloride is, in fact, one of 
the starting points for procurement of the 
pure metal. Germanium tetrachloride re- 
acts vigorously with water to form the 
dioxide, and from the latter the metal is 
obtained by reduction: 

GeCl, + 2H,0 > GeO, + 4HCl 
GeO, + 2H; ^ Ge + 2H;0. 


GERMANITE—Not a crystalline mineral, ger- 
manite is invariably seen in reddish-gray com- 
pact masses having a metallic luster. Chem- 
ically, it is a sulfide of copper, iron, and 


germanium, although it may contain zinc, gal- 
lium, and a rather high percentage of arsenic. 
This sample was mined in South Africa. 


illustrat vs resistance furnaces in which 
this pur is reduced at about 1,150° C 
(2,102° resulting metal is 98 percent 
pure, a er refining can produce a purit 
of 99.9 

Germanium dioxide is a white, crystal- 
line compound that is isomorphous with 
silicon dioxide above 1,033°C (about 
1,891? F). Below this temperature, it is 


an isomorph of cassiterite, a dioxide, 
Sni of tin. In reality, there are two 
dioxides of germanium, one insoluble in 
water, the other slightly soluble. In solu- 
tion, the soluble form produces colloidal 
germanic acid, H,GeO,, a weak acid. 

, While compounds of germanium and 
Silicon are similar, their chemical proper- 
ties allow these elements to be separated 
with relative ease. For example, germa- 
nium sulfide can be precipitated from 
strongly acidic solutions with hydrogen 
sulfide, while silicon compounds do not 
react in this way. 


ZONE FUSION OF GERMANIUM—The refining 
of germanium into pure ingots takes place in 
a microwave furnace (Illustration 4a). Illustra- 


Germanium forms bivalent and tetra- 
valent compounds; the latter have the 
greater stability. The bivalent materials 
are all strong reducing agents, and in- 
clude germanium oxide, GeO. A black 
powder is obtained from the dioxide. Bi- 
valent germanium halides, such as the 


tion 4b shows a quartz tube containing a 
graphite cylinder that encloses the ingot. A 
copper coil surrounds the entire tube. 


dichloride, can result from the reaction 
between the tetrachloride and elemen- 
tary germanium: GeCl, + Ge > 2GeCl;. 

The reactions of bivalent germanium 
compounds are analogous to those of tin 
and lead, in that only two electrons are 
involved. The two electrons remaining 
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GERMANIUM INGOT AFTER ZONE FUSION— 
Following reduction of the dioxide, the ger- 
manium ingot is subjected to the zone fusing 
process. It emerges in three “zones,” the first 
accounting for about 75 percent of the ingot's 


in the valence shell combine to form an 
electron pair. 


GERMANIUM AND ITS USE 


Because of its properties as a semicon- 
ductor, germanium has an important role 
in the electronics industry. When the 
metal is doped with gallium or arsenic 
impurities, it is used in transistors, the 
miracles of miniaturization that have 
replaced so many vacuum tubes, The 


length and consisting of the pure metal, ready 
for use. The second zone, about 15 to 20 per- 
cent of the length, still contains impurities, 
and is reprocessed. The final 5 to 10 percent 
of the ingot's length is so full of impurities 


inclusion of impurities allows the germa- 
nium electrons to react to thermal agita- 
tion, pushing them into a frenzy of activ- 
ity that allows efficient flow of electricity. 
The impurity, whether arsenic or gal- 
lium, actually replaces some of the ger- 
manium, leaving free energy levels into 
which electrons of the metal can move. 
Besides its use in transistors, germa- 
nium is used as a component of photo- 
electric cells, as a phosphor in fluorescent 
lamps, and as an alloying agent in metal- 


that it must undergo the same nent as if 
it were a germanium ore Ilustration 
Shows the surface of an ingot zone fus- 
ing. (450 X) 
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lurgy. In addition, because of its high 
index of refraction and dispersion, ger- 
manium is used in making glass for high- 
quality photographic and microscope 
lenses and objectives, Of increasing im- 
portance is the field of organogermanium 
chemistry, wherein certain germanium 
compounds demonstrate a marked activ- 
ity adverse to many bacteria while main- 
taining a low level of physiological tox- 
icity. Such compounds show prospects of 
being effective chemotherapeutic agents. 


RUTHENIUM AND OSMIUM 


Rutheniuın and osmium are members of 
Group * in the periodic table, sharing 
that gros: with rhodium, palladium, irid- 
jum, à latinum. The last element 
gives t oup its name—the platinum 
series. uite common to find all of 
these c ts together in nature, and 
separat be difficult due to simi- 
larities ir properties. 

Rut! and osmium are hard, brit- 
tle m th extremely high melting 
points he other Group VIII ele- 
ments © very resistant to the ef- 
fects : The processing of these 
metals sely allied with platinum 
produc In one method, an ore con- 
taining ix elements is treated with 
aqua 1 ) dissolve all the metals but 
iridiun um, and ruthenium, The last 
two ar ted to their tetroxides and 
finally d to the pure metals. 

THE )RY OF RUTHENIUM 
AND UM 

The d y of ruthenium is generally 
credit: the chemist C. Claus. In 
1844, | able to recover about 6 g 
(abou ! of the metal from a residue 
of en atinum dissolved in aqua 
regia. clement is named for the 
count: n which this ore came (Ru- 
thenia in for Russia). 

Osn was discovered by the En- 
glish < ;t S. Tennant in 1803, in a 
residu: nilar to that in which Claus 
found enium. Osmium takes its name 
from th cek osme, a smell. The refer- 
ence is opriate, since one form of 
the me eases odorous osmium tet- 
roxide in 

Both metals are found in the native 
state, and are most often associated with 


platinum. They are also found as the sul- 
fides in certain nickel-bearing ores. Such 
ores are found in commercial quantities 
in the Urals and in North and South 
America. The Sudbury, Ontario, region is 
a rich source of nickel-bearing ore. 


THE CHEMISTRY OF 
RUTHENIUM 


The rarest element in the platinum series, 
ruthenium is a white, hard metal, having 
four crystal modifications. Insoluble in all 
acids, including aqua regia, it does react 
with the halogens and with hydroxides. 
While ruthenium exhibits valences from 
0 to 8, the number of its compounds is 
small. One such compound, ammonium 
tuthenium chloride, is processed com- 


METALLIC RUTHENIUM—Ruthenium is a hard, 
brittle metal. This sample, gray and similar 
in appearance to iron, is the rarest of the 
platinum metals. 


the only elements with 
a valence of eight 


RUTHENIUM ACETYLACETONATE—The most 
stable compounds of ruthenium are those in 
which the metal is trivalent. This compound 
has the formula Ru(CH;COCHCOCHs)s. 
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mercially in order to obtain the pure 
metal. 

Present applications for ruthenium in- 
clude its use as a catalyst in oxidation 
reactions, and it is one of the most effec- 
tive hardeners known for platinum and 
palladium. In alloy with these metals, 
the products are extremely resistant to 
wear, and electrical contacts are the pri- 
mary products. The corrosion resistance 
of titanium is markedly increased by the 
addition of ruthenium. 

The oxidation state of +2 is stable in 
only a limited number of compounds. 
Ruthenium trihalide, dissolved in an ex- 
cess of a halogen acid, forms a complex, 
dark blue ion, RuX4?- (X =the halo- 
gen). Compounds of this ion, treated 
with alkalis, produce a precipitate of 
Ru(OH)s. This compound readily oxi- 
dizes in air to the somewhat more stable 
Ru(OH);. Another bivalent ruthenium 
compound is the cyanide, Ru(CN)». In 
an excess of cyanide ions, this produces 
the Ru(CN)&'- ion, whose salts are 
among the most stable of +2 ruthenium 
compounds. 

Ruthenium ions in the +3 state pro- 
duce even more stable compounds. For 
example, the metal reacts directly with 
chlorine to form ruthenium trichloride, 
and the hydroxide of bivalent ruthenium 
changes spontaneously into Ru(OH)s. 
This, in turn, is rapidly converted into 
the more stable ruthenium dioxide, which 
is RuOs. 

Tetravalent ruthenium compounds in- 
clude the chlorohydroxy acids, from 
which ruthenium tetrachloride can be 
produced, according to the reaction 


Ru(OH), 4- 4HCl 


> H,[Ru(OH).Cl] + H:O 


HCl 
H;[Ru( OH)sCL] —— RuCl, + H20. 


In the presence of moisture, RuCl, loses 
some chlorine to form Ru( OH )Cls. 

The tetrachloride is the only ruthenium 
tetrahalogenide yet isolated. While the 
halogenoruthenates are relatively stable, 
they are easily reduced or hydrolyzed to 
Ru(OH)s. 

The only pentavalent compound of 
ruthenium is the fluoride, RuF;. This 
compound is easily prepared by direct 
synthesis from the elements at around 
300° C (about 572? F). Ruthenium pen- 
tafluoride is an unstable solid, decompos- 
ing even in the absence of air to its com- 
ponent elements. This solid melts at 101° 
C (213,8? F). 

Compounds of --6 ruthenium include 
the ruthenates, with the general formula 
Me;RuO,, in which Me represents a uni- 
valent metal. Compounds of this type are 
similar in stability to the ferrates (com- 
pounds of the same general formula, with 
iron replacing ruthenium). The ruthen- 
ates are produced by fusion with alkalis, 
in the presence of oxidizers, from either 
elementary ruthenium or its lower 
valence compounds. The crystalline com- 
pounds that result are hygroscopic, pris- 
matic, and blackish-green in color—al- 
though they become orange in solution. 
The ruthenates are readily reducible ac- 
cording to the reaction 
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AN ORGANIC RUTHENIUM DERIVATIVE—This 
compound demonstrates the rather complex 
chemistry resulting from the many valence 
states of ruthenium. The formula for this salt 
is RuCl,(NO) [Sb(C.Hs)3]2; its name, the rather 
imposing rutheniotrichloronitrosobis-triphenyl- 
antimonate. 


Mes;RuO, + 3H;0 
> 2Me(OH) + Ru(OH), + 1/202. 
Perruthenates are compounds of ru- 
thenium in a +7 oxidation state, having 
the general formula MeRuO,. They are 
similar to permanganates, and are ob- 
tained by ruthenate dismutation: 


3K;RuO, + 2H;O 
> 2KRuO, + RuO; + 4KOH. 


Perruthenate crystals are octahedral and 
dark in color, having a metallic luster, 
and are soluble in water in which they 
become dark green. Although these com- 
pounds are similar to the permanganates, 
they are less stable, and are primarily of 
an autocatalytic nature. 

The only octavalent compound of ru- 
thenium is the tetroxide. This and the 
tetroxide and sulfide of osmium are the 
only chemical compounds containing ele- 
ments in the +8 oxidation state. Ru- 
thenium tetroxide is obtained from the 
treatment of potassium ruthenate in an 
excess of chlorine: 


K;RuO, + Cl; > 2KCI + RuO,. 


The tetroxide is a water-soluble orange 
solid, and is quite volatile. It and ru- 
thenium tetrachloride are sources of the 
pure element. The concentrated fumes 
of ruthenium tetroxide are quite poison- 


PROCESSING RUTHENIUM AND OSMIUM— 
These metals are obtained as a valuable by- 
product of platinum refining. The equipment 
shown in the illustration extracts the metals 


A BIVALENT RUTHENIUM-ORGANO SALT— 
All of the salts of ruthenium are vividly 
colored; this complex organic derivative is no 
exception. Its formula is RuCl, [Sb(C.Hs)s].- 
It, too, uses almost every letter in the alphabet 
in its name: rutheniodichlorotetrabis-triphenyl- 
antimonate. 


ous and explosive. Because of an ozone- 
like odor, the compound is easily de- 
tected, even in trace amounts. This ma- 
terial is used in organic chemistry for its 
excellent oxidizing properties. It readily 
distills from aqueous solutions. 


THE CHEMISTRY OF OSMIUM 


Similar to ruthenium, osmium is an ex- 
tremely hard, brittle metal with a bluish- 
white luster. It is highly resistant to acid 
attack, though it oxidizes easily to its 
tetroxide when heated. 

Osmium is the densest of all known 
metals, with a density of 22.48 g/cm’. 
Only iridium (density 22.42 g/cm*) ap- 
proaches osmium in this area. 

Because of its affinity for hydrogen, os- 
mium in the finely divided state is used 
as a reducing agent. 

Osmium forms compounds with its va- 
lences of 2, 3, 4, 6, and 8, the lowest 
valence state seen in complexes with car- 
bon monoxide [Os(CO); and Os2(CO)», 
for example], although such complexes 
are very unstable. 

Bivalent osmium dichloride is an in- 
soluble, nonvolatile compound obtained 
by the reduction of osmium trichloride. 
It is a dark brown, deliquescent solid, not 
unlike its ruthenium homolog. The di- 


from crude platinum and separates them as 
complex ammonium salts. The ruthenium and 
osmium are subsequently converted to tetrox- 
ides or tetrachlorides and finally to the metals, 


icm. , 


METALLIC OSMIUM—Very simi 


© ruthen- 
ium in appearance and properti osmium is 
found in crude platinum in per Jes rang- 
ing from 1 to 10 percent. It is the ‘nost costly 
of the platinum metals and h 8 highest 
melting point—3,050° C (abou 0° F)—of 
any platinum metal. 
chloride is a dismutation p t of the 
trichloride at temperatures nd 500° 
C (932° F): 

20sCls  OsCl, + t 

It is water-soluble, and d s in al- 
kalis to produce [OsCl,(( |Ha and 
Me;[OsClg], respectively 

Osmium dioxide, OsO,, i mpound 
in which the element is fo n its 44 
oxidation state. This con d exists 
either as brown or black « or pow- 
der, and is a product of th ction of 
osmium tetroxide. The tet; ride and 
tetrafluoride are other +4 um sub- 
stances. 

Compounds of hexavale: ium in- 
clude the osmiates, charact | by the 
OsO,?- ion. Like the rut es, they 
are produced by the fusi metal- 
lic osmium, or an osmiur npound, 
with alkalis in the presence xidizers. 
They are less stable than t thenates 
because they tend to absorl gen and 
form compounds of octava »smium. 

The only known octavaleni osmium 
compounds are the tetroxide, OsO, and 
the sulfide OsS,. The oxide is a colorless- 


to-light-yellow solid with a melting point 
around 40° C (104? F). The stability of 
this compound, however, remains up to 
130° C (266° F). It is slightly soluble in 
water, and in alkali solutions it forms 
Me;[OsO, ( OH );]. 

While some researchers claim the exis- 
tence of osmium tetrasulfide, others dis- 
pute this. Presently, therefore, its chem- 
istry is open to speculation based on 
similar compounds. 

Osmium tetroxide is an extremely toxic 
compound; in very low concentration it 
causes respiratory complications and skin 
or eye damage. Exposure can cause tem- 
porary blindness. Nonetheless, it finds 
some use in criminology to detect finger- 
prints and in microscope slide prepara- 
tion. The metal is an efficient hardener 
for other metals, and is used almost com- 
pletely in the production of hard alloys. 


SELENIUM, TELLURIUM, 
AND POLOONIUM S = 


Selenium (Se), tellurium (Te), and po- 
loniu: (Po) share membership in Group 
VIA of the periodic table with oxygen 


and sulfur. These elements exist in sev- 
eral ^ "otropic forms, differing in molec- 
ula: complexity or crystalline structure. 
As tu» »tomie number increases, the ele- 
men. in this group tend to form long 
TOW toms with covalent bonds. The 
resi chains account for such proper- 
ties ;e elasticity of sulfur and the 
son more stable structure of me- 
tall lenium. 


SELER 
covers 


; COMPOUNDS—Selenium was dis- 
y the Swedish chemist, J. J. Ber- 
7, and this illustration is of a col- 
selenium compounds on which he 
ed basic research. These samples are 
housed in the Swedish Academy of 


Zelius i 
lection 
condu: 
preser 
Science 


The structural complexity of the 
Group VIA elements increases from the 
diatomic oxygen molecule to metallic 
polonium because of increasing atomic 
size. Thus, the formation of multiple 
bonds increases proportionately to the 
bonding radius of the atom. 

The valences of these elements range 
from —2 to +6, with those of —2, +4, 
and +6 representing the oxidation states 
for selenium and tellurium, and +2 and 
+4 for polonium. 


SELENIUM 


In 1817, the Swedish chemist J. J. Ber- 
zelius discovered that the process of 


roasting an ore containing copper, iron, 
and sulfur to obtain sulfur dioxide left 
a red, powdery deposit. Analysis of this 
dust showed it to be composed of tellu- 
rium and some unknown element. What- 
ever this unknown was, it was difficult 
to separate from the tellurium (named 
from the Latin, tellus, for “earth” ). Ber- 
zelius thus called his discovery selenium, 
from the Greek selene for “moon,” in 
honor of this close relationship. 

Selenium occurs only rarely, and only 
in small quantities in the Earth’s crust. 
Its presence has been observed in the 
solar spectrum. It almost always is found 
as the selenide in nature, and as such 
can often be found in small quantities 
with sulfides. 

The eruption of Vesuvius in 1895 
produced fumaroles containing large 
amounts of the element. Traces in agri- 
cultural soil render the soil unfit for use, 
though such selenium contamination is 
infrequent. 

Selenides include berzelianite, Cu;Se, 
tiemannite, HgSe, and naumannite, 
AgəSe—all rather rare minerals. 

The primary source for metallic sele- 
nium is the residual mud from the refin- 
ing of copper ores. A less important 
process allows the recovery of the metal 
from sludge remaining after the roasting 
of pyrites. 

In air, selenium burns with a light 
blue flame, producing the dioxide, which 
has an unpleasant garliclike odor. Sele- 
nium dioxide is also produced when the 
metal is dissolved in concentrated sul- 
furic acid. Occurring in several allo- 
tropes, selenium may be amorphous 
(black in the vitreous state, and red as 
a powder or colloid), or crystalline 
(monoclinic crystals are red while hex- 
agonal crystals are gray). At normal 
temperatures, the gray, hexagonal struc- 
ture is the most stable. Here, the atoms 
are bound together in spiral chains, one 
atop another throughout the crystal's 
length. In the other crystalline forms, the 
molecular units are composed of eight 
atoms in a ring structure similar to that 
of sulfur. 

While amorphous selenium is a poor 
electrical conductor, in its crystalline 
form the element exhibits the property of 
electrical photoconductivity. This prop- 
erty stems from the fact that light strik- 
ing crystalline selenium increases its con- 


ductivity. Hence, selenium finds use in 
photoelectric cells—so-called electric eyes. 
The basic element in such a cell is a cop- 
per plate on which a thin layer of sele- 
nium is deposited. This layer is covered 
with a thin, translucent film of gold leaf. 
The copper and gold are connected in a 
circuit, and if no light falls on the cell, 
no current is passed. However, when the 
cell is exposed to light, the selenium al- 
lows electricity to pass, and the circuit 
is closed. In addition, the amount of light 
striking the cell determines the degree of 
conductivity. 

Selenium is also used in rectifiers that 
convert alternating current to direct cur- 
rent. A rectifier is similar in construction 
to a photoelectric cell, except that a lesser 
metal than gold is used—usually an alloy. 
The conversion is accomplished at the 
point of contact between the selenium 
and the alloy, which acts as a one-way 
gate for electrons. 

In addition to its use in electronics, se- 
lenium is employed in glassmaking. Small 
quantities of the metal can neutralize the 
greenish tinge imparted to glass by iron 
impurities, while in larger amounts sele- 
nium gives glass a dark ruby color. For 
this reason, selenium is an ingredient in 
the red glass used in traffic lights. 

Among the compounds formed by sele- 


BERZELIANITE—This copper selenide has a 
metallic luster and silvery color, and crystal- 
lizes isometrically. Its primary sources are 
Germany, Sweden, and Argentina. 
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nium is hydrogen selenide, H;Se, ob- 
tainable by direct synthesis at about 
400° C (752° F), or by the action of hy- 
drochloric acid on ferric selenide, FeSe. 
Hydrogen selenide is a colorless, vile- 
smelling gas that is extremely toxic. Ac- 
tually, all selenium compounds are con- 
sidered hazardously toxic and must be 
stored and handled with utmost care. 
Strangely enough, elemental selenium is 
almost completely nontoxic. The gas is 
used to precipitate many heavy metals as 
their respective selenides. 

Selenium dioxide, SeO», also color- 
less, is prepared by burning the metal in 
an excess of oxygen. This compound dis- 
solves in water to form the weak selenious 
acid, H;SeO;. 

Selenic acid, H;SeO,, is produced 
when selenic anhydride is dissolved in 
water, or when selenious acid is oxidized 
with potassium permanganate or chlo- 
rine. The analog of sulfuric acid, selenic 
acid is a somewhat weaker acid, but is a 
more powerful oxidizing agent. Selenates 
are isomorphous with sulfates and similar 
to them in chemical behavior. 


TELLURIUM 


In 1782, while studying Transylvanian 
gold minerals, the German chemist F. J. 
von Reichenstein found a theretofore un- 
discovered element in association with 
the antimony and bismuth in one of the 
minerals, He called this new material 
“metallum problematicum.” The German 
chemist M. H. Klaproth undertook the 
study of this new element, and while try- 
ing to determine its properties was led 
astray by some of its characteristics. Its 


luster, for example, coupled with other 
qualities, deceived him into believing 
that this unknown matter was a noble 
metal. However, in 1798 he discovered 
his mistake and was able to identify tel- 
lurium, a name chosen from the Latin 
tellus, for earth. 

Tellurium is sometimes found in the 
native state, or in combination with sul- 
fur or a sulfur-selenium complex. Pri- 
marily, however, the metal occurs as 
tellurides. Its chief minerals are tetra- 
dymite, BisTes, hessite, AgeTe, altaite, 
PbTe, and sylvanite, (Ag, Au)Tes The 
element can be isolated from tellurium- 
bearing sulfides, using several steps. The 
sulfides dissolve in hydrochloric acid, 
forming a solution containing tellurous 
acid, H»TeO;. This acid is further treated 
with sulfur dioxide, which causes metal- 
lic tellurium to be precipitated as a black 
amorphous powder. 

When heated in air, tellurium bums 
with a blue flame tinged with green. In 
the process, it gives off highly toxic yel- 
low vapors of the dioxide. Human expo- 
sure to this compound, to the extent of 
only .01 mg/m? of air, produces an in- 
tense, foul-smelling "garlic breath" that 
may be evident for months. This phe- 
nomenon is probably caused by the for- 
mation of methyl telluride within the 
body. 

Hydrogen telluride ( H;Te) is a color- 
less gas that is not stable at room tem- 
perature. Like other tellurium com- 
pounds, it is also highly toxic, and like 
elemental tellurium, it burns in air to 
form the dioxide. 

Dissolved in nitric acid, tellurium re- 
acts to form tellurous acid, H;TeO;, 


SELENIUM RECTIFIERS—Selenium acts as a 
semiconductor of electricity, and can thus be 
used to convert alternating current to direct 
current, as with the rectifiers shown in the il- 


lustration. Another important property of the 
metal is its photoconductivity. Light striking 
selenium permits the flow of electrons in direct 
proportion to the intensity of illumination. 


ALTAITE—This lead telluride es in color 
from gray to pale or bronze y The major 
sources of this ore are the A ountains in 
Mongolia and regions in Aus! Chile, and 
the United States. The samp the Illustra- 
tion was mined in New Mexi 

which, when oxidized wit! »mic acid, 
forms orthotelluric acid eOe. This 
compound differs from i! furie and 
selenic analogs in that t x oxygen 
atoms are arranged in »etahedron 
around the single telluri: tom. This 
structure is not possible ie analogs 
for physical reasons; tell 's atomic 
bonding radius is cons ly larger 
than that of either sulfu selenium. 
Though telluric acid is ak, it does 
exhibit strong oxidizing y» erties. 
POLONIUM 

The final member of th ur family, 
polonium, was discovered Pierre and 
Marie Curie in 1898. T} ment was 
named in honor of Mme e's native 
Poland. 

The nucleus of poloniv unstable, 
decaying to form a lead is pe by the 
emission of alpha part Strongly 
radioactive, a thousand tires more so 
than radium, polonium pr« s handling 
problems. Additionally, extraction of the 
pure element is difficult; about 16 tons 
of uranium ore yield 3 mg of polonium 
salt, Nuclear bombardment of bismuth 


provides a more efficient source of the 
metal, but sophisticated equipment is 
required, 

The most stable isotope of polonium 
has a half-life of 103 years, and its crystal 
lattice has been shown to be similar to 
that of tellurium. At low temperatures, 
polonium is cubic in structure, becoming 
rhombohedral as the temperature in- 
creases, 

Compounds of polonium have limited 
application due to the metals intense 
radioactivity and potent toxicity. 
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se (Mn), technetium, and rhe- 


ompose Group VIIB in the peri- 


e. Manganese is the most im- 
f these elements because of its 
re of technical applications and 
erable natural occurrence. 
an oxide of manganese 
netic properties, was known 
ient Greeks and Romans. In 
metic properties caused con- 
lisagreement among ancient 
The element derives its 
the Latin magnes, owing to 
nagnetic characteristics, and 
uption of Magnesia, a city 
Turkey (also called Manisa), 
antial quantities of the min- 
cen found. 
e was recognized as a dis- 
nt by several researchers be- 
re metal was isolated by the 
neralogist J. G. Gahn in 1774. 
»roduced manganese by re- 
;usite with carbon. In 1882 
metallurgist Robert Hadfield 
ed manganese steel. 


of glass and steel and 
semiprecious stone 


PROCESSING METHODS 
AND USES 


About as much manganese as carbon is 
present in the Earth's crust; manganese 
exceeds sulfur in this respect. The metal, 
however, is not found in widely spread, 
rich deposits. Recently, however, explo- 
ration of the oceans has uncovered po- 
tentially large sources of manganese. The 
most common of the manganese ores are 
silicates, oxides, and carbonates. Major 
deposits are located in Brazil, Africa, 
India, and the Soviet Union. 

The metal is obtained by reducing its 
oxides with aluminum, magnesium, or 
sodium, and by electrolysis. Because 
manganese ores often contain iron im- 
purities, any metal not fully refined is 
really an alloy. However, most manga- 
nese is used in the iron and steel in- 
dustries, so no great handicap is pre- 
sented. In fact, certain alloys of iron and 
manganese are industrially important. 
Among these are ferromanganese (80 
percent manganese and 20 percent iron) 


MENU a 8. ocu 


—This is manganese dioxide, the 
ı and most important of the man- 
Usually found in fibrous masses 
ar, powdery form, it is dark, steel- 
and generally opaque. On rare 
is found as pyramidal tetragonal 


crystals together with quartz, as in the illus- 
tration. Manganese dioxide produces beautiful 
dendrites in the crevices of rocks and in chal- 
cedony. The largest deposits of this mineral 
are located in the Soviet Union. 


TRYPHILITE—Generally found in gray-blue or 
gray-green masses, this mineral is a phosphate 
of lithium, iron, and manganese. Its luster is 
most frequently vitreous. Rarely it is located 
in isolated crystals of the orthorhombic type. 
The sample in this illustration was mined in 
New Hampshire. 


and spiegeleisen (20 to 30 percent Mn, 
5 percent C, and the remainder iron). 
Such alloys are prepared by reducing 
mixed ores of the two metals with coal 
and carbon monoxide in a blast furnace. 
Refined manganese can be obtained by 
the electrolysis of aqueous manganous 
sulfate solutions in the presence of am- 
monium sulfate. 

In the pure state, metallic manganese 
occurs in several allotropic forms. Since 
it is highly electropositive, the metal by 
itself is limited in use. In. powdered 
form, manganese is very reactive, de- 
composing water and exhibiting pyro- 
phoric tendencies. 

Perhaps the greatest use made of man- 
ganese occurs in the steelmaking indus- 
try. To remove oxygen and sulfur impuri- 
ties, small quantities of the metal are 
added during processing. The compounds 
formed with these elements are easily 
removed from the finished molten batch. 
Special steels, containing up to 14 percent 
manganese, are extremely hard, corro- 
sion-resistant, and able to withstand con- 
siderable pounding and abrasion. Others 
contain manganese added during the 
hardening process, and these steels find 
use in ball bearings where distortion must 
be kept at an absolute minimum. 

Manganese is also used in the making 
of nonferrous alloys; an example is man- 
ganese bronze. Alloys with aluminum, 
copper, and antimony are ferromagnetic, 
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BIOTITE — Belonging to the ferromagnesian 
mica group of minerals, biotite is a complex 
silicate containing eight elements in addition 
to manganese. Its crystals are monoclinic and 
are easily flaked into sheets, as are the crys- 
tals of micas in general. Biotite ranges from 
black to bright yellow in color, and appears to 
change color depending on the viewing angle 
(that is, it is pleochroic). It is found in many 
minerals in combination with quartz, musco- 
vite, orthoclase, and amphiboles, and it occurs 
frequently in pegmatites. 


despite the fact that none of the com- 
ponents have this property. Manganin, 
an alloy of 83 percent copper, 12 per- 
cent manganese, and 5 percent nickel, is 
used to make precision electrical resistors 
because of its low temperature coeffi- 
cient. 

The need for manganese as a trace 
element in animals and plants for healthy 
growth has been established. 


THE CHEMISTRY OF 
MANGANESE 


Manganese has valences of 1, 2, 3, 4, 6, 
and 7, although its stable compounds 
are formed only in the +2, +4, +6, and 
+7 oxidation states. At the higher va- 
lences, manganese produces stable an- 
ions, while at the lower end of the scale 
and as the elementary metal it behaves 
similarly to all metals. 

Manganese is a typical transition metal, 
as can be seen from the number of its 
valences, its ability to form complexes, 
and the fact that some of its compounds 
are magnetic. Almost all manganese 
compounds are colored. 


In the bivalent state, the manganous 
ion (Mn?*) forms a great many stable 
salts. It is one of the few ions that is pale 
pink in color—due to a hydrated ion 
[Mn(H.O),2+]. Manganous sulfate, of- 
ten crystallizing with four molecules of 
water, is a vitreous pink salt, and the sul- 
fide forms green or pink crystals. Man- 
ganese carbonate is an interesting com- 
pound that decomposes readily, liberating 
carbon dioxide when heated. Manganous 
hydroxide occurs as the rare mineral 
pyrochroite. 

Trivalent manganese salts are unstable 
in aqueous solution, decomposing spon- 
taneously into bivalent and tetravalent 
manganese ions by dismutation: 


2Mn*+ + 2H.»O> Mn++ + MnO: +4H+. 


Trivalent manganese can be stabilized 
in several ways. For example, it can be 
combined with CN- to form the com- 
plex [Mn(CN),*-] ion; or it can be 
precipitated as the insoluble phosphate, 
MnPO,, or hydroxide, Mn(OH) . Tri- 
valent manganese oxide, Mn;O,, cor- 
responding to the mineral braunite, is 
also stable because of its insolubility. 
Compounds of tetravalent manganese 
include the important dioxide MnO». 


ee — 


RHODONITE AND RHODOCHROSITE — Both 
minerals are semiprecious gems. The rhodo- 
nite in Illustration 4a is a manganese silicate 
whose color ranges from pink to red. The 
black areas are manganese dioxide. The best 
examples of rhodochrosite, a manganese car- 
bonate, come from Argentina, as does the 
sample in Illustration 4b. Often, traces of Iron, 


4a 


Manganese dioxide, known for centuries 


as a decolorizing agent i: glassmaking, 
is a widely used oxidizer. In the glass 
industry, its actions are ‘oth chemical 
and physical: as an oxic ing agent, it 
produces carbon dioxide and colorless 
sulfates from carbon and .slfur impuri- 
ties, respectively. Furth: ore, a cer- 
tain number of the tet: nt ions are 
converted to trivalent n 'nese. Since 
these are violet in colo y optically 
neutralize the green cx mparted to 
glass by ferrous salts "nt as im- 
purities. 

A mixture of mangan dioxide and 
alkali carbonates, fused ir, produces 
a dark green mass. Th due to the 
formation of the mangan on MnO?-. 
This ion is stable in ba olutions, al- 
though in acids it will jute to the 
dioxide and permangan on: 

3Mn0,?- + 4! 
MnO, 4- 2MnO,- 
In the reaction, the on changes 
from green to violet, sig ig, the pres- 
ence of the permangana l. 

The most important jf +7 man- 

ganese is potassium per anate. This 


salt is a powerful oxidi: specially in 


calcium, magnesium, and oplace some 
of this mineral's manganes: dochrosite Is 
almost always found in varic ;ades of pink, 
with the colors arranged in ;. The mineral 
has a pearly, vitreous luste is less hard 
than rhodonite and has per hombohedral 


cleavage. 


the presence of acids. Here, it is reduced 
to bivalent manganese according to the 
reaction 


MnO,~ + 8H+ + 5e- > Mn?* + 4H20. 


This reaction also undergoes a color 
change, thus making it useful in analytic 
chemistry as a titrating agent. Because 
it will oxidize many organic materials to 


the point of destruction, permanganate 
solutions are used as disinfectants, espe- 
cially in the treatment of fungus dis- 
eases. Treating the permanganate ion 
with concentrated sulfuric acid produces 
the explosive oil manganese heptoxide. 
On the other hand, treatment with a 
neutral or alkaline material causes re- 
duction to the tetravalent state. 


LECLANCHE CELL— Manganese dioxide is 
used in dry cells where the electrolyte is con- 
tained either by absorption or gelatinization. 
The illustration is of a Leclanché cell connected 
to a voltmeter. The negative electrode is a 
zinc cylinder, while the positive electrode is 
graphite. The electrolyte is a gelatinous solu- 
tion of ammonium chloride. Hydrogen, liberated 
at the graphite electrode, is eliminated by a 
mixture of lampblack and manganese dioxide 
that acts as a depolarizer. 


FERROMANGANESE—Manganese is alloyed 
with many metals, but finds its primary use in 
steelmaking. Manganese itself is not usually 
processed, since its iron alloy can be obtained 
from many ores. Illustration 5a shows the proc- 
essing of ferromanganese by fusion of ores in 
electric furnaces. The ferromanganese in Illus- 
tration 5b contains 80 to 90 percent man- 
ganese. 
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GALLIUM, INDIUM, AND 


THALLIUM 


SAKURAIITE — Discovered only recently in 
Japan, this is the only known ore containing 
large quantities of indium. It has the composi- 
tion (Cu,Zn);InS;. 


ee ee eee 


The histories of these elements touch at 
several points, beginning with Mende- 
leev's prediction of their existence in the 
periodic table. Proof of this hypothesis 
came in the nineteenth century through 
spectroscopic analysis, and gallium (Ga), 
indium (In), and thallium (Tl) were 
confirmed as members of the family of 
elements. 

Thallium was the first of the trio to be 
discovered. In 1861, while working in a 
sulfuric acid factory in Germany, the 
English physicist Sir William Crookes ex- 
tracted a substance from the mud de- 
posited in lead acid chambers. At first 
Crookes believed the material to be tel- 
lurium (a metal discovered much ear- 
lier). However, careful study with the 
aid of a spectroscope revealed a charac- 
teristic of some unknown element. What 
Crookes saw was a bright green line, 
now recognized as thallium's spectral 
“fingerprint.” He named the new element 
thallium, from the Greek thallos meaning 
“green stalk"—an apt description of his 


bright lines 
in the spectrum 


MERCURY VAPOR LAMP — The bluish-white 
light emitted by mercury vapor lamps is often 
undesirable from a color-rendering standpoint. 
To overcome this, sodium, indium, and thallium 


observation. Although this element was 
at first thought to be similar to sulfur 
and selenium, later research showed that 
some of thallium's properties mimicked 
those of the is. 

The spectroscope was also responsible 
for the identification of indium. In 1863, 
the German mineralogists F, Reich and 
H. Richter examined bits of the mineral 
sphalerite spectroscopically and noted 
some indigo blue lines, indicating the 
presence of an unknown material. From 
their observations they named their dis- 
covery indium. This team later isolated 
the metal and catalogued its properties. 

Gallium was discovered by the French 
chemist Lecoq de Boisbaudran in 1875. 
Again, the spectroscope played a key role 
in proving Mendeleev's theories. Among 
the spectral lines characteristic of alumi- 
num, the French chemist observed some 
atypical features. Basing his research on 
the earlier theories, Lecoq de Boisbaudran 
correctly surmised the existence of gal- 
lium, a name he later chose to honor his 
native France (from the Latin Gallia). 
His work led to the final isolation of 
this strange metal by electrolysis of the 
metal hydroxide dissolved in potassium 
hydroxide. 

Neither gallium, indium, nor thallium 
Occurs in a free state. Rather, all are 
found as ores or as impurities in alumi- 
num, lead, zinc, selenium, and sulfur com- 
pounds. While these metals are widely 
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lium and thallium 
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1s arenas. 
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shown here, containi 
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and their alka- 
t proportion to 


distributed, they à: 
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the most abundant 
has as its ores croo 
hutchinsonite, a « 
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produces a univalent oxide, ThO, ie 
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GALLIUM 


While this element is not the most ed 
metal (its distribution is widespre! : 
no gallium ores are rich enough to mal i 
direct extraction practical. Theret i 
is obtained as a by-product of the n 
ing of other elements. To some P 
gallium always accompanies bauxite, 2 
from this source it is produced a 
arily by electrolysis of the AC r 
In its purest form, gallium is a B 
lustrous silvery metal, though it e 
times is seen with a bluish-white C 
It is one of the few metals that ca? 
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EYE ON RADIOACTIVITY—One 
sation for indium is in nuclear re- 
metallic indium (Illustration 3a) 


KEEPI! 
presen 
actors 


liquid ormal temperatures, with a 
meltir ıt just under 30? C (86° F). 
One « nique features is a factor of 
expan, the order of 3 percent on 
solidi This metal is relatively un- 
affect «posure to air, showing little 
affinit oxygen. 

Ga attacked slowly by hydro- 
chlo: and to a lesser extent by 
nitric Strangely, because it is less 
elect: ve than aluminum, it should 
disso! lily in nitric acid, and the 
reaso is behavior is not yet under- 
stood 

Alk solutions have a strongly cor- 
rosive t on gallium, resulting in the 
forma f the hydroxogallate anion 
Ga(O Characteristic of the Group 
THA r gallium’s most common 
valenc 3, though it forms some bi- 
valent coripounds. 

Galliuin’s trivalent oxide is easily ob- 
tained by roasting the metal in air, and 
from this compound the hydroxide 


Ga(OH )4 can be formed. This hydroxide 
is isomorphous with its aluminum coun- 
terpart. Gallium hydroxide is a very weak 
base, and will solubilize to Ga(OH)4^ 
ions in an excess of alkali, Gallium sulfide 
and arsenide, two of the element’s more 
important compounds, can be obtained 
by direct synthesis. The arsenide is a 
semiconductor, capable of converting 
electricity into coherent light, and finds 
use in lasers and other light displays. 
The halogen compounds formed by 
gallium are similar to those of aluminum. 
Gallium fluoride, like aluminum fluoride, 
differs considerably from the other hal- 
ides in its insolubility and high melting 
Point. Gallium bromide and chloride are 


are used to record the flow of neutrons pro- 
duced by atomic reactors. The disks are bom- 
barded by the neutrons and the resultant arti- 


quite volatile and soluble in water. The 
importance of the fluoride lies in the 
formation of the ( GaF;)?- ion in an ex- 
cess of reagent. 


INDIUM 


Indium is always found to some extent 
in the ores of zinc, lead, and aluminum. 
Therefore, it is an easy step to recover 
this metal as a by-product of the refin- 
ing of these three primary materials. 
Indium is prepared by electrolysis or by 
reducing the oxide with carbon: 


In.O, + 3C > 2In + 3CO. 


In the pure state, indium is a soft, 


AIRCRAFT ENGINE BEARINGS— This section 
of a piston engine bearing incorporates sev- 
eral metals, among them a lead-indium alloy. 


4 


ficial radioactivity measured. In Illustration 3b, 
a technician is placing an indium disk into a 
Geiger counter to measure its radioactivity. 


silvery-white metal that shows little ef- 
fect on exposure to the atmosphere. It 
differs from gallium in that it is insoluble 
in alkaline solutions and evolves hydro- 
gen in the presence of acids. The latter 
attests to the greater electropositivity of 
indium. 

Indium forms compounds in a univa- 
lent and trivalent state, and possibly 
forms bivalent compounds. Its most sta- 
ble configuration, like that of gallium, is 
+3. The trioxide and hydroxide are 
formed when the soluble salts of indium 
are precipitated with alkalis. Unlike gal- 
lium hydroxide, indium hydroxide does 
not solubilize in an excess of basic solu- 
tion. 


Such an alloy withstands the tremendous cor- 
rosive action common to internal combustion 
engines. 
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HUTCHINSONITE—This mineral contains sev- 
eral elements, among them thallium. The pris- 
matic crystals range in color from scarlet to 
dark cherry-red. Hutchinsonite is often found 
associated with other sulfides, and with sphal- 
erite, pyrite, realgar, and orpiment. 


SARTORITE—This mineral commonly has the 
formula PbAs;S,, with traces of thallium. The 
sample in this illustration contains about 4 per- 
cent of the element. The prismatic crystals, 
dark gray in color with a metallic appearance, 
may be several centimeters long. 


Indium halides are prepared in ways 
identical to those used for the gallium 
analogs, and the sulfide is formed in the 
reaction between hydrogen sulfide and a 
soluble indium salt: 


2InCl; + 3H;S > Ins; + 6HCI. 


The electronics industry is the primary 
user of indium, where it is used as a 
doping agent in semiconductor devices. 
In such a capacity, indium is found in a 
variety of products from transistors to 
photoelectric cells. 


THALLIUM 


Because this metal is often found in py- 
rite (FeS;) and sphalerite (ZnS), thal- 
lium is a natural by-product of the sul- 
furic acid industry (in which iron pyrite 
is a raw material) and the zinc industry. 

Thallium is a soft, bluish-white metal, 
oxidizing readily in moist air. It dissolves 


rapidly in nitric and sulfuric acids. It 
contrasts markedly with gallium and in- 
dium in the formation of univalent ions, 
and the compounds formed by +1 thal- 
lium are similar to the alkali metals and 
in certain respects, to silver compounds. 
Because trivalent thallium is a powerful 
oxidizer, compounds of this type are 
rapidly reduced to Tl* substances. 

Thallium monoxide, TlO, results 
when the metal is burned in air; the 
compound is a black, hygroscopic pow- 
der. The monoxide reacts with water, 
yielding a hydroxide with properties sim- 
ilar to those of the alkali metal hydrox- 
ides. Other univalent thallium com- 
pounds include the brown sulfide and a 
carbonate. 

Thallium chloride is quite similar to 
silver chloride. Both are decomposed on 
exposure to light, whereby they are re- 
duced to the elemental state. 

Trivalent thallium compounds include 


a trioxide, Tl;Os, whic! somewhat 
stable. However, at : id 700°C 
(1,292? F) it loses oxygen snd produces 
the monoxide and a wea! ikaline hy- 
droxide. Trivalent thallic chloride is a 
product of the reaction between univa- 
lent thallous chloride and chlorine. Ow- 


ing to the strong bond between the ions, 
thallic fluoride is a very stable com- 
pound. 

Thallium must be stored and handled 
with care since it is a highly toxic ma- 
terial. Extremely small concentrations 
have an adverse effect on man and lower 
animals, hence its use in rodenticides. As 
a sulfide, the metal exhibits certain photo- 
electric properties and finds use in photo 
cells, 

Thallium monoxide imparts high re- 
fractive properties to optical glass. It is 
used also to color artificial gems. Thal- 
lium acetate provides high-specific-grav- 
ity solutions for refining ores. 


ZIRCONIUM 
A 


The c/^:cent zirconium (Zr) is a grayish- 
white, -:strous metal that occurs with 
titan: nd hafnium in Group IVB of 
the | lic table. While zirconium is 
consi l one of the “new metals,” its 
ores been known for thousands of 
years 

Th ent Greeks probably used a 
zircoi re as a gem; they called it 
hyaci ecause of its burnt orange 
colo: his Historiae naturalis Pliny 
mentii ther colored varieties of this 
stone ; as chrisolitos, melichrisos, and 
crateriti Writing a.D. 300, the Greek phi- 
losop! ud scientist Theophrastus was 
probal lescribing the mineral zircon, 
ZrSiO principal sources of zir- 
coniu hen he wrote about “lyn- 
curiu: i amber stone that became 
charg vith electricity when rubbed 
and t as used to make seals. The 
name on comes from the Persian 
word un, meaning “gold-colored,” 
the a ance of zirconium ore in its 
most ion form. 

In the German chemist M. H. 
Klap: lentified zirconium from its 
oxide mineral zircon. In 1824 the 
Swedi »emist J. J. Berzelius suc- 
ceeded isolating an impure state of 
zircon (he next important advance 
LAAVEN'TE—A zirconium ore that also con- 
tains a 'arge percentage of extraneous ions, 
laavenite forms monoclinic crystals. Its formula 
is Zr(Mg,Ca,Mn)s. It ranges in color from yel- 
low to brown to black, and occurs as a product 


of magmatic separation in Norwegian syenites. 


did not come until 1925, when two Dutch 
scientists, A. E. van Arkel and J. H. de 
Boer, produced massive ductile metal 
from zirconium. 

Zirconium accounts for 0.22 percent of 
the Earth’s crust and is not, therefore, 
considered a rare metal. It is present also 
in some stars, in the sun, and in me- 
teorites. 

Besides zircon, the ores of zirconium 
include baddeleyite (brazilite), ZrO», 
found chiefly in Ceylon, Thailand, and 
Brazil; and zircite, a mixture of zirco- 
nium oxide and silicate, found in consid- 
erable quantities in Australia. Zirconium 
is extracted from both of these ores. 

The element hafnium (Hf) occurs in 
zirconium ores in quantities varying from 
1 to 5 percent, and is much less abundant 
than zirconium. It was discovered in 1923 
by the Hungarian chemist G. C. de 
Hevesy and a colleague, D. Coster, who 
succeeded in isolating the element. The 
two scientists named it hafnium, the 
Latin name for Copenhagen, where the 
discovery was made. 


THE CHEMISTRY OF ZIRCONIUM 


Until a few years ago, zirconium was of 
little importance, and processing methods 
were unsophisticated. With the develop- 
ment of new technical equipment, extrac- 
tion processes greatly improved. At the 
same time, zirconium was found to make 
a good jacket for uranium fuel rods in 
nuclear reactors—due to its excellent 
mechanical properties and its very low 
neutron-absorbing capacity. To serve this 
purpose, however, zirconium must be 
processed to a high degree of purity. 
Two different processes can accomplish 
this. The first-the Kroll process—involves 
fusing zircon or some other ore with car- 
bon to produce zirconium carbide, which 
is then treated with chlorine to produce 
zirconium tetrachloride, ZrCl, which is 
purified by repeated sublimation. The 
zirconium tetrachloride is then reduced 
with magnesium to yield magnesium 
chloride and zirconium in the form ofa 
spongy mass. The magnesium chloride 
and excess magnesium are removed by 
distillation and the metal is fused into 


| D HI AEFNIUM | two elements with the same properties 


ZIRCON — Chemically a zirconium silicate, 
zircon is the chief ore from which zirconium 
is extracted. The ore is sometimes found as a 
monocrystal (Illustration 1a), but is more com- 
monly a product of magnetic separation in 
granites. Illustration 1b shows a section of 
granite containing a zircon crystal seen through 
the microscope in polarized light. Zircon varies 
in color from green to brown, orange and blue; 
it may also be colorless. Zircon is mined in 
Ceylon, Thailand, Australia, and Canada; its 
clear varieties are used as gems. 
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ASTROPHYLLITE—A rare mineral, astrophyl- 
lite forms triclinic crystals. It occurs in more or 
less hexagonal crystals, often aggregated in 
the shape of a star—hence its name. Its color 
is bronze yellow and its luster is submetallic 
or mother-of-pearl. The sample in the illustra- 
tion is associated with long riebeckite crystals 
and comes from the syenite pegmatites of 
Norway. 


ingots in an inert atmosphere to avoid 
oxidation. 

In the second method—the van Arkel 
process—the ores are reduced by treat- 
ment at high temperatures with calcium. 
After the calcium oxide has been re- 
moved, the impure metallic zirconium in- 
teracts with iodine at 200° C (392° F) to 
produce volatile Zrl,. This is brought 
into contact with a filament of molybde- 
num or tungsten heated electrically to 
1,300° C (2,372° F). At this temperature 
the compound decomposes into very pure 
zirconium—which deposits on the fila- 
ment—and iodine, which returns to the 
cycle. The entire process is carried out in 
a vacuum to avoid reactions between the 
metal and atmospheric gases. 

Neither of these processes separates 
zirconium from its constant companion, 
hafnium. Such separation is achieved 
either by fractional distillation of halides, 


by fractional precipitation of phosphates, 
or by treating phosphate solutions with 
ion-exchanging resins. 

Zirconium is highly resistant to chemi- 
cal reagents; only hydrofluoric acid and 
aqua regia corrode it. Zirconium reacts 
with oxygen to produce zirconium di- 
oxide, ZrO», and with nitrogen and car- 
bon to produce respectively the very 
hard zirconium nitride, ZrN, and zir- 
conium carbide, ZrC. Zirconium is tetra- 
valent except in its nitric compound and 
its boron compound, ZrB; like zirconium 
carbide, these compounds are interstitial, 
meaning that the atoms of the nonmetals 
occupy interstitial positions in the lattice 
of the metallic zirconium. Zirconium hy- 
droxide, Zr( OH ),, is amphoteric in char- 
acter—it can react either as a compara- 
tively strong base or as a weak acid, 
H,ZrO,—and it has a strong tendency to 
pass into the colloidal state. 

Zirconium dioxide, ZrOs, which is ob- 
tained by heating zirconium hydroxide, 
occurs in two allotropic forms, mono- 
clinic and tetragonal Soluble only in 
concentrated sulfuric acid, zirconium di- 
oxide forms zirconates such as K»ZrO, 
and K,ZrO; when combined with fused 
alkalis. When treated with hydrogen 
peroxide, these zirconates produce fairly 
stable peroxyzirconates such as K,ZrOg. 
Zirconium dioxide has a high melting 
point of 2,700° C (4,892? F) and is used 
as a refractory. 

Zirconium halides are produced by 
heating the metal with the halogen X 


Zr + 2X: > ZrX,, 


or by combining the dioxide with carbon 
in the presence of the halogen 


ZrO: + 2X; + 2C > ZrX, + 2CO. 


The carbon reduces the dioxide to metal- 
lic zirconium, which then reacts with the 
halogen. Zirconium fluoride, chloride, 
bromide, and iodide are all solids that 
can easily be hydrolyzed in water to pro- 
duce compounds of the type ZrOX». 
Other salts include zirconium sulfate, 


Zr(SO,)», which also occur 
form and as basic sulfates, à 
oxalate, Zr( CO)». 


THE CHEMISTRY OF H 
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E—A scandium-yttrium silicate, 
that may also contain erbium, 
nd praseodymium, this mineral 
»noclinically and is black or light 
The sample in this illustration 
Norway. 


cerium (Ce), an element whose name 
they derived from the asteroid Ceres, 
discovered in 1803. Following up on this 
work, and prior to his discovery of yt- 
trium as more than one element, Mosan- 
der in 1839 was able to extract a minute 
quantity of lanthanum from cerium ni- 
trate. The year was 1839, and from then 
on the discovery of more rare-earth ele- 
ments came rapidly. Within the next 
50 years, samarium (Sm) and dyspro- 
sium (Dy) were discovered, and scan- 
dium, gadolinium (Gd), and ytterbium 
had been identified. The Swedish chem- 
ist Per Teodor Cleve discovered both 
holmium (Ho) and thulium (Tm), while 
praseodymium (Pr) and neodymium 
(Nd) were identified and isolated. 
Around 1890, the existence of europium 
(Eu) was established. 

In 1907, the French chemist Georges 
Urbain observed a dual personality in 
ytterbium, and further research led to 
his discovery of lutetium (Lu). At about 
the same time, element number 61 was 
thought to have been discovered inde- 
pendently in Italy and the United States. 
Hence, for 38 years it was called by two 
names: florentium and illinium. In 1945, 
with the birth of the atomic age, element 
61 was definitely identified and perma- 
nently named promethium (Pm). Not 
found in nature, promethium is a result 
of neutron bombardment of other ele- 
ments. 

With the exception of promethium, all 
of the rare earths occur as ores, notably 
cerite, orthite, monazite, and gadolinite. 
The richest source of these ores is Scan- 
dinavia, while the United States and In- 
dia provide sizable secondary deposits. 
The quantities of these elements in their 
respective ores vary considerably, with 
cerium the most abundant and lutetium 
the rarest (it is about 60 times less abun- 
dant than cerium). 


PROPERTIES 


Scandium, yttrium, and lanthanum have 
three electrons each in their outermost 
shells (d's?), as seen in the accompany- 
ing table. Chemically and physically, 
they are similar to calcium, strontium, 


a long search for 
the rarest elements 


XENOTIME—This yttrium phosphate, YPO,, 
may contain thorium, uranium, zirconium, be- 
ryllium, and calcium. Xenotime forms tetrag- 
onal crystals. If prismatic or pyramidal in 
form, it resembles zircon. This mineral also 
can be found as round grains with a vitreous or 
resinous luster ranging in color from yellow to 
red. While this sample comes from Madagas- 
car, xenotime is commonly found in granites 
in Sweden, Norway, and Switzerland. 


———— 


barium, and radium—elements of Group 
IIA. This similarity to the alkaline-earth 
metals becomes more pronounced with 
cerium, where the electrons occupy the 
4f rather than the 5d orbitals, although 
the outermost arrangement remains un- 
changed (5s? 5p* 5d" 6s*). This explains 
the chemical similarity of all the lantha- 
nides. Nevertheless, because each suc- 
ceeding lanthanide has one more elec- 
tron than the element before it, there is 
a corresponding increase in the number 
of nuclear protons. Therefore, the ion 
radius decreases from one element to the 
next. 

Corresponding to decreasing ion radii 
is a decrease in basicity of the metal hy- 
droxides. The ion radius of cerium, for 
example, is 1.18A, while samarium, four 
places later in the period, has an ion 
radius of 1.13À. Thus, samarium is more 
metallic in character and its hydroxide is 
less alkaline than those of cerium. 

Because of the difficulties encountered 
in the separation and isolation of the 
pure metals—due to their chemical and 
physical similarities—many properties of 
the lanthanides are still unknown, In the 
case of promethium, the amount of the 
material obtained is so small that most 
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MONAZITE—A phosphate of cerium and other 
rare-earth metals, particularly lanthanum, neo- 
dymium, and praseodymium, monazite also 
contains considerable quantities of mechan- 
ically held thorium silicate. The mineral forms 
monoclinic crystals, is radioactive, and has a 
resinous luster. Its coloring ranges from yellow 
to red, and it occurs as crystals in pegmatitic 
rock in the United States, the USSR, Norway, 
Sweden, but primarily in the monazitic sands 
of Brazil. The Brazilian deposits are exploited 
for their cerium and thorium content. 


of its properties are still a mystery. 

Some of the lanthanides have oxida- 
tion states directly related to the degree 
of saturation of their 4f orbitals. In the- 
ory, all lanthanides should exhibit great- 
est stability with a +3 valence, since all 
have three electrons in the outermost 
shell. In reality, a high degree of stabil- 
ity is shown by electronic configurations 
of 4f... 6s°, 4f" . . . 6s", and 4f" , , 63°; 
that is, there are zero, seven, and 14 elec- 
trons in the f orbitals and no electrons in 
the s orbitals. 

For example, cerium has an outermost 
electron configuration of 4f? 5s? 5p* 5d° 
6s". This gives it a marked tendency to 
lose four electrons to stabilize at 4f? 5s? 
5p? 5d? 6s°. However, the metal com- 
monly exhibits a valence of +3 as well as 
+4. In a similar manner, ytterbium (4f14 
6s*) easily gives up two electrons to ac- 
quire a 4f'* 6s? configuration, demon- 
strating a very stable +2 valence state. 

Characteristic of ions whose orbitals 
are not fully occupied is the range of 


color they impart to solutions. The lan- 
thanides, whose 4f orbitals are partially 
filled, are no exception. The praseo- 
dymium ion is bright green, while neo- 
dymium forms violet ions, samarium and 
holmium yellow, and erbium pink. The 
lanthanum +3 ion, whose 4f and 5s orbi- 
tals are vacant, is colorless, as are scan- 
dium and yttrium ions. 


PRINCIPAL USES 
OF RARE EARTHS 


In the past, the main applications of rare- 
earth metals arose from group properties. 
As pure rare-earth metals and compounds 
became available, however, uses based 
upon individual properties were devel- 
oped. These include the use of cerium 
(IV) oxide, CeO», as a highly effective 
glass polish, as a constituent to increase 
the stability and discoloration resistance 
of glass to gamma and electron-beam 
radiation, and as an opacifier for enamel 
coatings. Lanthanum oxide, La:Os, is 
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ORTITE—A basic silicate of aluminum, iron, 
and calcium, this ore is rich in the rare-earth 
elements and belongs to the epidote group. It 
crystallizes in the monoclinic system, occur- 
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A PRAC USE OF CERIUM—Cerium is 
the mos y used of the lanthanide metals 
—partly its relative abundance. Alloyed 
with iro: pyrophoric, thus finding use in 
flints fo te lighters. 

uraniu: vents, for example, permitted 
scienti: levise methods for separat- 
ing ar ntifying these newly dis- 
covere« ents before weighable quan- 
tities h n prepared. 

CHEM , AND 

PHYSI CHARACTERISTICS 

The la nide metals are all silver- 
white in color, and are very reactive. In 
air, they readily produce compounds of 
the MeO, type in the +3 valence state 
(cerium produces CeO; due to the +4 
state). 


These elements also react with hydro- 
gen to form MeHs; or MeHs, depending 
On the oxidation state. They are very 
electropositive, owing to their high oxi- 
dation potential. 

Because of their relative scarcity, the 
lanthanides find limited use in industry. 
Nonetheless, they are important when in- 
corporated into certain glassmaking 
Processes, in metals and alloys, and in 
the production of radioactive materials. 


EXTRACTION METHODS 


Metallic scandium can be obtained by 
the electrolysis of fused potassium and 
scandium chlorides. In this process, the 
cathode is made of pure zinc, which can 
later be removed from the scandium by 
vacuum distillation. Like most metals, 
scandium is ductile and malleable. Yt- 
trium is obtained by similar methods. 

Lanthanum can be produced by reduc- 
ing its chloride with potassium in an 
argon atmosphere. It is a ductile metal 
that corrodes in moist air to form the 
hydroxide, while in dry air its surface 
forms an oxide. 

All the lanthanides can be extracted 
by reducing their halides with electro- 
positive metals such as potassium. Sepa- 
rating them from one another depends 
on their varying degrees of alkalinity as 
hydroxides, and on the various oxida- 
tion states that some have. 


LANTHANIDE COMPOUNDS 


The compounds of scandium, yttrium, 
and lanthanum are all quite similar to 
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scandium (Sc) 
yttrium (Y) 
lanthanum (La) 
cerium (Ce) 
praseodymium (Pr) 
neodymium (Nd) 
promethium (Pm) 
samarium (Sm) 
europium (Eu) 
gadolinium (Gd) 
terbium (Tb) 
dysprosium (Dy) 
holmium (Ho) 
erbium ( Er) 
thulium (Tm) 
ytterbium (Yb) 
lutetium (Lu) 


Outer Electron 
Configuration 


one another. Included among the better- 
known compounds are the oxides Sc.Os, 
Y2O3, and LasOs. These are obtained by 
calcining the appropriate hydroxides in 
air. Each of these compounds is a white 
powder. The corresponding hydroxides 
are formed by the precipitation of their 
soluble salts in bases. In this form, they 
are gelatinous compounds whose solubil- 
ity increases greatly from scandium hy- 
droxide through lanthanum hydroxide. 
These metals also form halides of the 
type MeX;, and all of these compounds, 
with the exception of the fluoride, are 
soluble in water. Trivalent carbonates 
and sulfates can also be produced, each 
with varying degrees of solubility. For 
example, scandium sulfate is water- 
soluble while lanthanum sulfate is not. 
Some of the most interesting lantha- 
nide compounds are the nitrides, all of 
which are very hard and have high melt- 
ing points. These properties are due to 
the position of the nitrogen atom in the 
crystal lattice. Filling the interstices be- 
tween the lanthanide atoms, the nitro- 
gen distorts the lattice's shape, which 
would otherwise be typically metallic. 


colorless 
colorless 
colorless 
colorless 
green 
violet 
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colorless 
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BROMINE AND IODINE | 


Atoms with seven electrons in the outer 
energy level tend to gain an electron 
from another atom. This completes or 
saturates the outer energy level with 
eight electrons, resulting in a particularly 
stable structure. These elements are, 
therefore, highly reactive. They combine 
readily with other elements—especially 
the alkali metals—whose atoms possess 
only a single electron in the outer energy 
level. Atoms of such metals lose the lone 
outer electron very readily, When the 
two atoms combine by the electron-ex- 
change process described here, an ionic 
salt is formed. Those atoms with seven 
electrons in the outer energy level are, 
therefore, called halogens, from the 
Greek word meaning “salt generators.” 

There are five halogens: fluorine (F), 
chlorine (Cl), bromine (Br), iodine (I), 
and astatine (At). They are listed in the 
order of their increasing atomic weights; 
they increase in the same order with re- 
spect to chemical and physical proper- 
ties. For example, at room temperature 
the first two are gases, the third is a 
liquid, and the last two are solids. The 
specific gravities and melting and boiling 
points also increase in the order given. 

Of the five halogens, only the first four 
are found in nature. The fifth, astatine, 
does not occur in nature because all its 
isotopes are strongly radioactive. More- 
over, it is not a product of the radio- 
active decay of other elements found in 
the Earth’s crust. Even if astatine were 
present when the Earth was formed, it 
has long since disappeared completely 
as a result of radioactive decay. It is only 
because small quantities have been pre- 
pared in the laboratory that the element 
is known at all. 

This article discusses the characteris- 
tics and properties of the elements bro- 
mine and iodine with brief mention of 
those of astatine. The properties and uses 
of fluorine and chlorine are so important 
they are described in a separate article. 


THE ABUNDANCE OF 
BROMINE AND IODINE 


Bromine and iodine are mostly found dis- 
solved in water or in aquatic marine orga- 


are "Ny 


BROMINE—Both bromine and iodine are con- 
tained in seawater, but only bromine is ex- 
tracted from seawater industrially. Shown here 
is a saltworks where the element is extracted 
from seawater that has been concentrated for 
the production of salt. 


nisms. Both form highly soluble com- 
pounds. Thus, only negligible amounts 
are found in the rocks of the Earth's 
crust. These two elements are usually 
found together with chlorine compounds 
in the sea, since they have about the 
same degree of solubility. Bromine and 
iodine, however, are much rarer than 
chlorine. In the sea, bromine is about 
200 times and iodine about 2,000 times 
rarer than chlorine. It is fairly easy to 
extract bromine from seawater that is 
concentrated for the production of salt. 
Iodine, on the other hand, is sought in 
richer sources because of its extreme 
rarity. Bromine and iodine are also found 
in salt deposits formed by the evapora- 
tion of seawater. 

It is preferred, however, to extract 
iodine from richer sources than seawater 
or salts obtained by the evaporation of 
seawater. For example, the mother liquor 
obtained during the crystallization. of 
sodium nitrate ( Chile saltpeter) contains 
iodine as sodium iodate and sodium per- 
iodate. In the U.S., iodine is extracted 
from the brine found in California oil 
wells, where it is present as iodide. An- 
other important source of iodine is sea- 
weed. This piles up on beaches around 
the world, and is easy to collect. The 
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seaweed is dried and burn 
then extracted fairly econo 
the ashes, although a great 
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DISCOVERY AND PREP 
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IODINE this element is 
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solid at temperature. It occurs in the 
ing ag h as manganese (IV) oxide. 
The io then extracted with paraffin. 
It is sey | from the paraffin by heat- 
ing witi lution of sodium sulfite in 
the pre F sodium hydroxide. It can 
be exti uso from iodates by heating 
these : ith sodium bisulfite. This 
produc e iodine and some iodide, 
which « precipitated as copper(I) 
iodide, 

Astati as first prepared in 1940 by 
bombardi: ; bismuth-209 nuclei with al- 
pha pai s. A bismuth nucleus absorbs 
an alpha particle, but then immediately 
expels two neutrons by radioactive decay, 
thus changing into astatine-211. This iso- 


tope is unstable and has a half-life of 


about hrs (that is, it decays by 
halving the number of radioactive atoms 
present in 7.23 hrs). Because of this high 


rate of decay, the element was called 
astatine, which means “unstable.” 

Seventeen istotopes of astatine have 
been prepared in a similar manner. Ex- 
cept for astatine-210, all are more un- 
stable than astatine-211. 


PROPERTIES OF THE ELEMENTS 


Bromine is the only nonmetallic element 
that exists in liquid form at room tem- 
perature. It has a very low viscosity and 
is red-brown in color. At room tempera- 


form of dark crystals with a metallic luster (II- 
lustration 3a). It sublimes easily (Illustration 


ture, bromine evaporates to form a red- 
brown vapor; the vapor is very irritating 
to the eyes and throat. Bromine has an 
odor similar to that of chlorine. At room 
temperature, it dissolves in water to form 
a 2.55 percent by weight solution called 
bromine water. If potassium bromide is 
present, the solubility of bromine in- 
creases as a result of the formation of 
polybromides. 

Many organic solvents, such as carbon 
disulfide, dissolve bromine readily. Its 
greater solubility in organic solvents pro- 
vides a method for extracting it from 
aqueous solutions. At room temperature, 
the density of liquid bromine is more 
than three times the density of water. Its 
vapor is also quite dense, about six times 
the density of air. 

At normal temperature and pressure, 
iodine is a solid in the form of dark, scaly 
crystals. These crystals are purplish- 
black with a metallic luster. Iodine, like 
bromine, is volatile and sublimes to form 
blue-violet vapors that have an unpleas- 
ant odor and irritate the eyes and throat. 
Because of its lower chemical reactivity, 
iodine is less caustic than bromine and 
chlorine, and does not produce burns as 
quickly when it comes into contact with 
the skin. Iodine vapors are about eight 
times as dense as air. The amount of 
iodine by weight that dissolves in water 


3b) and is volatile, forming extremely irritating 
violet vapors (Illustration 3c). 


is only 0.015 percent. Even this low per- 
centage is sufficient to produce a yellow- 
ish coloring in the solution. Iodine also 
dissolves readily in many organic sol- 
vents such as alcohol, chloroform, ether, 
carbon tetrachloride, and carbon disul- 
fide. 


USES 


Bromine and iodine, both in the elemen- 
tary state and in compounds, are used 
in a number of important industrial and 
laboratory applications. 

The most important application of 
bromine, one in which it is practically 
irreplaceable, is in photographic emul- 
sions. The substance that darkens photo- 
graphic film is silver bromide. In gen- 
eral, bromine compounds are synthesized 
by direct contact with the appropriate 
elements. For this reason, extraction proc- 
esses yield the elementary form of the 
element. 

Among the important bromine com- 
pounds are certain bromides that pro- 
duce a calming effect on the nervous 
system. Whole sea salt, which contains 
all the salts in seawater, including bro- 
mides, is a mild tranquilizer. Many bro- 
mine compounds are important in the 
synthesis of organic substances, Ethylene 
dibromide is a volatile substance used as 
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IODINE IN SOLUTION—lodine is only slightly 
soluble in water, although it dissolves to pro- 
duce a yellow-reddish color—as in the left- 
hand flask. In organic solvents, on the other 


a lead scavenger in an antiknock agent 
in gasoline. Large quantities are pro- 
duced for this purpose. 

Todine occurs widely in small quanti- 
ties in biological tissues, and in the thy- 
roxin of the thyroid gland. A deficiency 
of the element causes goiter; this defi- 
ciency is usually due to a lack of iodine 
in the water and occurs frequently in cer- 
tain mountain and inland regions. The 
usual remedy is table salt containing 
iodide salts. 

An iodine solution in alcohol (tincture 
of iodine) is used as an antiseptic. Silver 
iodide is used in small quantities in 
photography together with silver bro- 
mide. Iodine colors starch blue, thus pro- 
viding a test that reveals the presence of 
starch in organic substances or biological 
tissues. It is more important, however, in 
volumetric analysis for certain titrations; 
such analysis is called iodometric analysis. 
Iodine compounds are employed in other 
analytical procedures. 


hand, iodine is extremely soluble. As a result, 
such solutions are highly colored. The right- 
hand flask contains a solution of iodine in al- 
cohol—a solution known as tincture of iodine. 


CHEMICAL PROPERTIES 


Bromine and gaseous iodine form cova- 
lent diatomic molecules that dissociate 
only at high temperatures or in the pres- 
ence of ultraviolet radiation. The chemi- 
cal properties of the halogens vary grad- 
ually from fluorine to iodine. In fact, 
fluorine is the most electronegative of the 
halogen elements. The electronegativity 
of iodine, however, is comparable to that 
of hydrogen. 

Bromine and iodine are both less re- 
active than fluorine or chlorine, although 
they both attack the noble metals with 
great ease. 

With respect to oxidation states, fluo- 
rine usually has a valence of —1 (very 
exceptionally, —2). Chlorine and iodine, 
however, have oxidation states varying 
from —1 to +7, while bromine has values 
of —1 to +5. 

Hydrogen bromide, HBr, and hydro- 
gen iodide, HI, are covalent substances 


lors starch 


IODINE AND STARCH—Iod 


dark blue. This property is : ; a test for 
the presence of starch in orc ubstances, 
and also for certain volumetr lyses. 

that are volatile and q oluble in 
water. In aqueous soluti ey behave 
as strong acids (in oth ords, they 
ionize into H* and X iydroffuoric 
acid, however, is a weak acil. Since bro- 
mine and iodine are much less electro- 
negative than fluorine or chlorine, they 
may react with fluorine or chlorine to 
produce interesting compounds such as 
Br'*!ClC—? and I‘+)Cl‘—’. In these com- 
pounds the anion is provided by the more 


electronegative element. 

Among the oxygenated bromine salts 
are sodium hypobromite, NaBrO, and 
sodium bromate, NaBrO,. The oxida- 
tion state of bromine in NaBrO is +1; in 
NaBrO, it is +5. The chemically and in- 
dustrially important oxygenated iodine 
salts are sodium iodate, NalOs, and 
sodium periodate, NaIO,. The oxida- 
tation state of iodine in NalOs is +5 
in NalO, it is +7. 

In solution, iodine can form bases and 
act as a metal in some salts. 


THE NOBLE GASES 


The atoms of most of the elements are 
most stable when they have eight elec- 


trons in the outermost energy level. This 
state is usually achieved by entering into 
chemica! bonds with other atoms. Chem- 
ical affi: that is, the readiness of an 
elemen! react with other elements to 
form c nds—is due precisely to this 
tendenc ichieve the lowest energy 
state ar greatest stability possible. 

The f some naturally occurring 
elemen! ever, already have their 
outer e» levels saturated with elec- 
trons. T} toms, therefore, do not re- 
act reac th other atoms. Such ele- 
ments | to be chemically inert. 
This ex; vhy these atoms are found 
in the g state. Moreover, while all 
other g elements occur at room 
tempera diatomic molecules (with 
each ati the molecule having an 
octet of ‘lectrons ), the noble gases 
occur a itomic molecules. That is, 
THE FAM! NOBLE GASES—This photo- 
graph st the noble gases and their 
characteri :harge color. Quite low volt- 


if 


each atom is by itself the smallest par- 
ticle that displays the characteristics of 
the element (this is the definition of a 
molecule). 

The reluctance of atoms of these ele- 
ments to unite with other atoms has led 
to the name “noble gases.” Six such noble 
gases exist: helium (He), neon (Ne), 
argon (Ar), krypton (Kr), xenon (Xe), 
and radon (Rn); all have similar proper- 
ties. Apart from a considerable chemical 
inertness, they liquefy at extremely low 
temperatures, The heavier elements in 
the group are the first to liquefy because 
thermal agitation of the atoms at any 
given temperature is always less if the 
atom is heavier. Atoms of the noble gases 
are in the gaseous state because thermal 
agitation overcomes the short-range forces 
of attraction that come into play at every 
collision. When the temperature falls, 
however, the agitation also decreases; 
eventually it becomes so insignificant that 


ages are sufficient to produce these luminous 
discharges. The last place on the right belongs 
to radon. This gas is radioactive, however, and 


helium, neon, argon, 
krypton, xenon, and radon 


it is no longer able to oppose the attrac- 
tive forces between atoms. At this point 
the colliding atoms are no longer able 
to rebound away from each other and 
the gas condenses into a liquid. 

Until recently, almost complete chemi- 
cal inertness was attributed to these ele- 
ments. It is now known, however, that 
they form some rather stable compounds. 


WHERE NOBLE GASES 
ARE FOUND 


The noble gases are found in the free 
state in the atmosphere. Some of them 
are continually being formed as a result 
of radioactive decay. 

Helium is formed when an alpha par- 
ticle (a helium nucleus consisting of two 
protons and two neutrons) captures two 
electrons to match its two protons. The 
most common radioactive elements in 
the Earth’s crust—uranium and thorium 


quickly decays, first into polonium and then 
into lead. The label in German reads “Rn is 
radioactive with a half-life of only a few days." 
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—produce alpha particles and, therefore, 
helium during radioactive decay. Each 
disintegration produces an alpha particle, 
which becomes a free helium atom once 
it has picked up two electrons. 

Most helium atoms remain imprisoned 
in the rocks within which they were pro- 
duced. Nevertheless, a few find their way 
through the pores of the rock and eventu- 
ally escape into the atmosphere. Helium 
produced by radioactivity of lavas (which 
solidify into igneous rock) has a greater 
probability of escaping because it bub- 
bles through the fluid magma with com- 
parative ease. The helium that finds its 
way into the atmosphere eventually 
escapes into space. Because atoms of 
helium are extremely light, they acquire 
speed as they diffuse into the upper atmo- 
sphere and on into space. If all the helium 
produced by radioactive decay in the 
Earth’s crust remained in the atmosphere, 
the atmosphere itself would today con- 
sist primarily of this gas. In actuality, 
helium is found in the atmosphere in 
minimal quantities only. 

Some minerals—cleveite for example— 
contain helium trapped within their 
crystalline lattices. In such cases, the gas 
can be freed by heating the mineral. 
Helium can also be obtained from radio- 
active decay reactions. Nevertheless, the 
main sources of the element are North 
American natural gas deposits. 

Neon, argon, krypton, and xenon are 
found in the atmosphere, generally in 
very low concentrations. The only ex- 
ception to this rule is argon, which ac- 
counts for as much as 0.94 percent of the 
atmosphere by weight. Neon, krypton, 
and xenon, on the other hand, account 
for only 0.0012 percent, 0.0003 percent, 
and 0.00004 percent of the atmosphere, 
respectively. 

Radon has no stable isotopes. All of 
the radon existing in nature is radioac- 
tive; it is, therefore, destined to disap- 
pear by radioactive decay. In fact, radon 
would not be found on Earth at all if it 
were not for the fact that it is continually 
produced by the radioactive decay of 
radium. Radon is thus similar to helium; 
that is, it is present in the atmosphere in 
minimal quantities only because it is con- 
tinually supplied by the disintegration of 
radioactive elements. Helium is lost be- 
cause it escapes from the atmosphere, 
while radon decays and is transformed 
into other elements. 


DISCOVERY OF THE 
NOBLE GASES 


When the English chemist and physicist 
Henry Cavendish tried in 1785 to sepa- 
rate first oxygen and then nitrogen from 


the air, he found that about one part in 
120 appeared to consist of a third gas 
that was chemically inert. In reality, this 
inert fraction, argon, is somewhat larger; 
it amounts to almost one eightieth of the 
mass of atmospheric air. In 1894 the 
isolation of argon was accomplished by 
the English physicist Lord Rayleigh and 
the Scottish chemist William Ramsey. 

Somewhat later, in 1898, Ramsey ex- 
perimented with the fractional distilla- 
tion of air. After separating oxygen, nitro- 
gen, and argon, he also succeeded in 
isolating neon, krypton, and xenon. Neon 
was the most volatile of these three gases, 
while krypton and xenon were the most 
readily liquefied. 

Helium was discovered under rather 
curious circumstances. Indeed, it was 
discovered in the sun before it was actu- 
ally found on Earth. Using spectroscopy, 
the French astronomer Pierre Janssen re- 
vealed in 1868 that the solar spectrum 
contained a yellow line that could not be 
reproduced in the laboratory by exciting 
(with flames or sparks) any element then 
known. Suspecting that this line must be 
produced by some new element, astron- 
omers suggested that it should be given 
the sun's Greek name (helios). Ramsey 
then succeeded (1895) in isolating an 
appreciable quantity of helium, which 
he extracted from a mineral containing 
uranium. 


THE PROPERTIES OF HELIUM 


Next to hydrogen, helium has the lowest 
specific gravity of all elements. It is used 
for inflating balloons and dirigibles be- 
cause it is not flammable and will not 
explode. It is the most difficult of all the 
gases to liquefy; that is, its liquefaction 
temperature is the lowest known. At at- 
mospheric pressure the gas liquefies at 
—268.9° C (about —452° F). This is only 
a few degrees above absolute zero. At 
ordinary pressure (one atmosphere), he- 
lium does not solidify at any temperature, 
no matter how low. In 1926 helium was 
solidified by cooling it to —272.2°C 
(about —458° F) under a pressure of 26 
atmospheres. 

At temperatures below 4.2°K (about 
—452° F) liquid helium has some rather 
exceptional properties. When cooled, the 
gas maintains its normal properties down 
to 2.9° K (about —454° F). In this range 
it is called helium I. Below 2.9° K, how- 
ever, some of its properties become quite 
strange. For example, the gas expands as 
the temperature diminishes; the specific 
heat (the amount of heat needed to in- 
crease the temperature of 1 g of the sub- 
stance by 1°C) increases by a factor of 
ten over a small range of temperature; 


when the temperature is lowered still 
further, the specific heat becomes quite 
small indeed. 

Helium displaying these anomalous 
properties is known as helium II. Liquid 
helium in this phase rises up the walls of 
a tube immersed in it, even when the 
diameter of the tube is not of capillary 
dimensions. The thermal conductivity of 


helium II is extremely high--in‘nite for 
all practical purposes. This mens that if 
a mass of helium is heated at © > particu- 
lar point, the heat will be tributed 
almost instantaneously thro out the 
entire mass. 

USES OF THE NOBLE ( S 
Helium is used for disco x losses 
from vacuum chambers; for serating 
the cores of nuclear reacto | trans- 
ferring the heat to a place e it can 
be utilized; for maintainin 'onstant 
pressure in the fuel tanks o! -issiles as 
the fuel diminishes; for mai ;ing me- 
tallic surfaces in an inert «mosphere 
while they are being heated dring weld- 
ing operations, thus preventin oxidation; 
for inflating balloons; and f> preparing 
breathing mixtures for deep. ı divers. 

Argon is often used in p! f helium 
for protecting metals duri: Iding. It 
is sometimes used to pro an inert 
atmosphere for the smelti f metals 
that would oxidize if exp to air at 
high temperatures. Argon i: used in 
a medium-power, continuo ive laser 
that is employed in spect py and 
communications. 

Neon signs depend on ti: beautiful 
orange-red light the gas c vhen an 
electric discharge passes thr): it. The 
light takes on other color t: if small 
quantities of other gases are « ded. This 
use, however, is less importa: today be- 
cause fluorescent lamps are more eco- 
nomical to operate than are neon lamps. 


The electric discharge in neon is also 
used in voltage stabilizer tubes. Neon, 
along with helium, provides the support- 
ing medium for the helium-neon laser, 
the least expensive and most commonly 
used laser. 

The most important use of xenon is in 
photographic flashbulbs. If an electric 
discharge is passed through xenon, an 
extremely intense white light is pro 
duced. This light is most suitable for both 
taking and projecting color photographs. 
The light yield of xenon and neon dis- 
charges is particularly high; it may be 
five times as great as that of a filament 
bulb. This xenon-neon light yield is used 
in spectroscopy. 

Up to the present time, neither krypton 
nor radon has important applications. 


ALKALI METALS AND 
AI &ALINE-EARTH METALS 


The per table is chemistry's funda- 
mental : system. It lists each of the 
more th ) known elements in such 
a preci: that a thorough under- 
standin; »e table is basic to any 
study o! emical and physical prop- 
erties o! r. Illustration 1 shows a 
generali pted layout of the periodic 
table. 


these physical properties. 

All elements in the alkali-metal group 
share other characteristics. For example, 
each has a single electron in its outer- 
most shell. Furthermore, these elements 
are assigned two values for their respec- 
tive ionization potentials. The first value 
is the amount of energy required to re- 
move the single valence electron; the 


semimetallic elements EJ Es] Fe] 


oxidation-number and that it is virtually 
impossible to produce +2 ions. 

For the alkali metals, and for other 
metals as well, heat and electrical con- 
ductivity are properties related to the 
formation of a cubic crystalline structure. 
Using the symbol Me to stand for a 
metal ion, and Me* for a metal ion with 
a +1 charge, one may say that the Me* 


PERIODIC 3LE OF THE ELEMENTS — 
Chemistry s inization chart as shown here 
is the mc progeny of the nineteenth- 
century Ru-.;sn scholar Dmitri Mendeleev, 
who first r nized the ordered relationship 
of the elerr His original periodic table 
listed the 5t ments known at that time, and 


In Group 1A of the table, the six ele- 
ments following hydrogen are the alkali 
metals: lithium, sodium, potassium, ru- 
bidium, cesium, and francium. The word 
alkali is derived from the Arabic for 
saltwort ashes. (In fact, sodium and po- 
tassium carbonates are abundant in plant 
ashes.) To the chemist, metal is a gen- 
eral word defining materials that conduct 
heat and electricity well; that have a 
characteristic luster; and, in general, are 
malleable. The alkali metals possess 


(Ped) (Pa) Cel Pee) D] Fe) D] 


left gaps for seven others, whose existence 
he correctly predicted. The table now lists all 
the known elements according to their atomic 
number. Those elements shown in green 
squares are considered metals or nonmetals. 
The transition elements, exhibiting some prop- 
erties of both the metals and nonmetals, are 


other specifies the energy needed to 
remove a second electron. The first con- 
stant is relatively low, because it is “eas- 
ier” to give up one electron than to ac- 
quire enough new ones to completely 
fill the outermost shell. On the other 
hand, because the next-to-outermost shell 
of these atoms is filled to capacity, the 
second value is very high, and a great 
deal of energy is required to displace an 
electron. Simply, this means that the 
alkali-metal group yields ions with a +1 


shown in blue, while a special class, semi- 
metals, is shown in yellow squares. The two 
separate series of elements at the bottom of 
the illustration are the lanthanide series 
(atomic numbers 58 through 71) and the 
actinide series (atomic numbers 90 through 
103). 


ions occupy positions at the vertices and 
center of the cube's structure, or lattice. 
The metals valence electrons, one for 
each atom, comprise the "atmosphere" of 
the lattice. These electrons have com- 
plete freedom of movement within the 
lattice in contrast to the ions and their 
fixed positions. When a crystal of this 
type is subjected to an electric field, the 
electrons move in the direction of the 
positive electrical influence. The result is 
a flow of negative charge through the 
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crystal, which explains why metals are 
good electrical conductors. 

Within the crystal, however, are forces 
opposing the electron migration. These 
forces are created by the ions vibrating 
around, but not leaving, their fixed posi- 
tions in the lattice. This resistance to 
electron movement tends to counteract 
the high kinetic energy of the valence 
electrons, 

If the temperature of the crystal lattice 
is increased by some outside source, a 
corresponding increase in the frequency 
of ion vibration occurs. The speeding up 
of the ion motion heightens the internal 
resistance to electron movement, which 
accounts for decreased electrical con- 
ductivity in metals at increased tempera- 
tures. 

A metal can be classified as either a 
good or poor conductor of heat for the 
very same reasons it does or does not 
conduct electricity. Both these properties 


rely on the movement of electrons within 
the crystal lattice. 

The periodic table in Illustration 1 
shows each element and its correspond- 
ing atomic number starting from one. 
As the atomic number increases, the 
number of electrons in each successive 
element increases. In order to chart each 
element's electrons, a system has been 
devised that assigns an electron configu- 
ration to the elements. This system uses 
the letters K through Q to denote elec- 
tron shells, each shell containing a defi- 
nite number of electrons. 

In the case of the alkali metals, then, 


BERYLLIUM AND MAGNESIUM — Beryllium 
(Illustration 3a) and magnesium (illustration 
Sb) are two representatives of the alkaline- 
earth metals from Group IIA in the periodic 
table. Because these elements have two va- 
lence-electrons, they produce biva! 
nature, beryllium is responsible 
most beautiful of gems, the emere!d. Magne- 
sium is the lightest known structural metal in 
the world. 


ALKALI METALS—Group IA in the periodic 
table of the elements contains the alkali 
metals. The characteristics of this group are 
a single valence-electron and good heat and 
electrical conductivity. The first element, in 
this series is lithium, with an atomic number 
of 3 (Illustration 2a). Next come sodium (Illus- 
tration 2b), potassium (Illustration 2c), rubid- 
ium (Illustration 2d), and, not illustrated, ce- 
sium and francium. 
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it is logical to assume a regular increase 
in the size of their respective ions as the 
number of electrons in each increases. 
For example, the first two elements in 
this series, lithium and sodium, each have 
the same valence (oxidation number), 
but differ considerably in ion size. With 
lithium, Li+, only the K shell is occu- 
pied. Sodium’s ion, Na+, has the K and 
L shells filled with electrons. Thus, the 
radius of the sodium ion is greater than 
that of the lithium ion. 

An increase in the size of an atom and 
in its associated ion means a greater dis- 
tance between the nucleus and the outer 


with a corresponding decrease 
ces that bind the valence elec- 


electrons 
in the £ 


tron to the atom; this indicates a rela- 
tionship to ionization potential. In fact, 
ionizat potential decreases inversely 
to the us of the atom. The larger the 
atom, * sss energy needed for ioniza- 
tion. 

À « val property common to the 
alkali ls is their great power to act 
as red igents. Because this extreme 
reacti\ vuses handling and storage 
proble alkali metals are generally 
stored sed in an inert petroleum 
produ h as kerosene. Even brief 
conta: the moisture in air oxidizes 
these : inces. Exposed to water, the 
alkali ls can react with explosive 
violen: ording to the following re- 
action 

2M H:O  2Me*OH- + Hz. 

The ;roup in the periodic table, 
Group ncludes beryllium, magne- 
sium, m, strontium, barium, and 
radium alkaline-earth metals. These 
elemen h have two electrons in their 
outerm hell, forming ions of the 
Me?* The elements in Group IIA 
do not Me+ ions because such ions 
are uns in solution. Recent theories 
state t! ;ovalent ions in this group 
change the stable bivalent ions 
throug! oocess of dismutation, or 
auto-ox: »-reduction. This is a some- 
what c: x process of oxidation and 
reducti thin the ions. Simply, two 
Me* io. oxidize to a single Me?* ion 
anda 5 ıl Me atom is concurrently 
formed igh reduction. 

Like : in Group IA, the alkaline- 
earth elements possess metallic proper- 


ties. However, they are harder than the 
alkali metals and have higher melting 
and boiling points. The higher boiling 
points indicate stronger binding forces 
between Me?+ ions and the electron at- 
mosphere than in the Group IA metals. 
Alkaline-earth metals occur most often 
in the form of carbonates and sulfates. 

As with the alkali metals, there is a 
Consistent increase in atomic size paral- 
leled by a decrease of ionization poten- 
tial in the alkaline earths. An interesting 
difference, however, is the smaller size 
of the atoms and ions of the Group IIA 
elements. For example, both potassium 
and calcium have complements of two 


ALKALINE-EARTH METALS — The remaining 
members of Group IIA are shown here. These 
elements, along with beryllium and magne- 
sium, differ from the alkali metals not only in 
oxidation number, but they also exhibit lower 
heat and electrical conductivity and have 


smaller atoms than the IA elements. Calcium 
(Illustration 4a) is important for proper bone 
and tooth formation. The other family mem- 
bers are strontium (Illustration 4b), barium (II- 
lustration 4c), and radium (Illustration 4d). 


electrons in the K shell, eight L-electrons, 
and eight M-electrons in the ionic state. 
What, then, accounts for the difference 
in radii? It is due to the fact that the 
charge on the nucleus is greater for cal- 
cium than for potassium. For this reason, 
the K, L, and M shells in the calcium ion 
are more “condensed,” with a greater 
force pulling the electrons toward the 
nucleus. 

The smaller size of the Group ITA ions 
also accounts for the greater ionization 
potentials of the alkaline-earth elements. 


The smaller volume that creates stronger 
binding forces between the nucleus and 
the electrons requires greater energy to 
remove electrons in ion formation. 

Like the alkali metals, the alkaline- 
earth elements exhibit strong reducing 
properties but to a lesser degree. Al- 
though more energy is required to ionize 
the IIA metals, they react violently with 
water molecules during hydration. It is 
more accurate, therefore, to use the term 
hydration energy when referring to the 
alkaline-earth metals as reducing agents. 
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CARBON | diamonds, lubricants, and drills 


When man first “discovered” the element 
carbon (C) may never be known because 
instances of its early use are shrouded in 
prehistory. The fact remains, however, 
that carbon is the most important ele- 
ment on Earth and, by extension, in the 
universe. Without carbon there would be 


DIAMOND AND GRAPHITE—Here, in struc- 
tural representation, are carbon's two crys- 
talline allotropes. The first is diamond (lllus- 
tration 1a), a complex series of tetrahedrons 
whose vertices are occupied by carbon atoms. 
This structure is extremely rigid in all direc- 
tions. Graphite (Illustration 1b), on the other 


no basis for either plant or animal life. 
The energy of the sun and stars is due 
in part to the carbon-nitrogen cycle, and 
carbon is found (by spectrographic anal- 
ysis) in the atmospheres of most planets. 

Although not the most widely distrib- 
uted substance, carbon and its com- 


hand, is shown in its characteristic lamellate 
configuration. This series of stratified hexa- 
gons, one above the other, is held together by 
weak electrostatic forces (known as Van der 
Waals forces). The weakness of these bonds 
allows slippage between planes, accounting 
for graphite's softness and greasy feel. 


diamond 


pounds form the largest group of sub- 
stances: the organic compounds. These, 


and the inorganic matter of w ‘h carbon 
is a part, account for million different 
substances. Underlying this is ‘he unique 
ability of carbon to form c ounds in 
which carbon atoms are join » one an- 
other. A simple example oí ibility is 
starch triacetate, a singl lecule of 


which contains 216 carbor s. 


Carbon-carbon bonds a: icteristic 
of organic matter, but car o forms 
multiple bonds with other « its of the 
periodic table to yield com ; such as 
carbon dioxide (CO:), < disulfide 
(CS2) and carbon dis le: Ses). In 
these examples, a typica! tion state 
of +4 is exhibited. Cer! »mpounds 
demonstrate a +2 valence ith carbon 
monoxide (CO), the le! »roduct of 
incomplete fuel combusti: 

In the elementary stat rbon exists 
in any of three allotrop ms: amor- 
phous carbon, graphite | diamond. 
Among these are one of softest and 
one of the hardest m ils known: 
graphite and diamond, : tively. 
NATURAL DISTRIBU’! OF 
“INORGANIC” CARBO 
In the Earth’s crust, ca as a com- 
ponent of minerals occ! rimarily in 
the carbonates of calci :agnesium, 
and iron. As an uncombin ment, car- 


though the 
s than that 


bon is found as diamon: 
distribution is considerab! 
of carbon compounds. 


The atmosphere con: a small 
amount of carbon in the torn of carbon 
dioxide. While this gas mes UP about 
0.03 percent by volume o! ‘he total at- 
mosphere, it represents the primary car- 
bon source for all living organisms. In 
particular, the existence oí plants de- 
pends on the assimilation of atmospheric 


carbon dioxide to produce carbohydrates 
through photosynthesis. This represents 
the first step in the so-called biological 
cycle. Through a series of events, the 
plants provide nutrition to animals an 
man with the cycle completed when 
carbon dioxide is returned to the atmo- 
sphere as a waste product. 


AMORPHO! \ABON—Carbon black (Illus- 
tration 2a) carbon obtained from burn- 
ing hydroc and is used extensively in 
the rubber y. The charcoal in Illustra- 
tion 2b is iuct of the incomplete com- 
bustion of Both forms of amorphous 
carbon car sed for purification through 
adsorption 

The vas ntities of carbon in coal 
and oil de bear witness to the mil- 
lions of y« iat vegetable matter has 
been assin z carbon dioxide. 
DIAMON RAPHITE, AND 
AMORPH CARBON 
Of the thre ms of elementary carbon, 
only diam id graphite have crystal 
structures orphous carbon is essen- 
tially a haph: zard arrangement of carbon 
atoms, although x-ray studies have shown 


that some of these atoms do arrange them- 
selves in a manner not unlike graphite. 
In fact, heating amorphous carbon above 
1,000° C (1,832° F) causes the atoms to 
rearrange themselves into a true graphite 
lattice, This process, called graphitiza- 
tion, is used to manufacture synthetic 
graphite. 

Aside from its conversion to graphite, 
amorphous carbon is used as a pigment 
and dye. More important, perhaps, is 
the material's use as activated charcoal, 
where its ability to adsorb gases is ex- 
Ploited. This property makes amorphous 
Carbon invaluable for purifying liquids; 


when the amorphous carbon is cooled to 
very low temperatures, it is used to re- 
move residual gas molecules in vacuum 
pumping operations. 

Graphite is extensively used to make 
carbon electrodes for the metallurgical 
industries, specialized electrolytic cells, 
and foundry molds. For the most part, 
these applications require graphite of 
only moderate purity, which can be ob- 
tained by the graphitization of petro- 
leum pitches. Extreme purity is of ut- 
most importance, however, when graphite 
is used as a moderator in nuclear re- 
actors. In this instance, impurities of 
boron in excess of one part per million 
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DIAMOND—Arother form of pure carbon, dia- 
mond is used both for jewelry and for making 
industrial cutting tools. Its extreme hardness 
allows diamond tools to cut materials that 
would quickly ruin the cutting edges of con- 


and of certain rare earths in excess of 
one part per billion are unacceptable. 
Graphite meeting these requirements is 
obtained by first removing impurities be- 
fore graphitization. 

Structurally, graphite crystals resemble 
flat scales lying in planes one above the 
other, much like a neatly stacked pile of 
bricks. This structure allows each plane 
to slip readily in a horizontal direction 
with respect to adjoining planes. It is 
this property that gives graphite its char- 
acteristic greasy feeling, and that makes 
it an excellent lubricant, especially in 
applications where liquid compounds 
would freeze or cause sticking. Another 


physical property that has practical ap- 
plication is graphite's coefficient of ex- 
pansion. This is almost identical to that of 
certain metals, especially zirconium, and 
several alloys. This allows welding of the 
dissimilar materials to make specialized 
equipment. 

At some point between the crystal 
structure of ordinary graphite and that of 
diamond occurs a modification in atomic 
arrangement that produces graphite that 
is extremely hard and almost as imper- 
meable to gases as is glass. This form of 
the substance is also highly resistant to 
corrosion and high-temperature failure. 
As such, this type of graphite is used in 


ventional equipment. The illustrations show 
diamond in three forms: single crystals (Illus- 
tration 3a), a rough-textured powder (IIlustra- 
tion 3b), and as a finely divided powder (Illus- 
tration 3c). 


high-temperature nuclear reactors. More 
important, perhaps, is its use in exhaust 
nozzles of rocket engines where its integ- 
rity remains even at temperatures ap- 
proaching 3,000 C (5,432? F). 

The third modification of carbon, dia- 
mond, is the hardest natural substance 
known. The extent of its hardness is due 
entirely to a crystalline structure that is 
equally rigid in all directions. Unlike 
graphite, considerable force is required 
to alter the crystalline configuration. 

Diamond is the most valuable form of 
carbon, not only from the standpoint of 
the jeweler’s showcase, but for industry. 
Its extreme hardness allows its use in 
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REFINISHING A GRINDING WHEEL WITH DIA- 
MOND—Each time a grinding wheel is used, 
the particles of metal it rubs off lessen its 
abrasive properties. The diamond-tipped tool a 
is used to refinish the wheel's surface, renew- 
ing its usefulness. 
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DIAMOND-STUDDED CORE DRILL—The tips 
of drills used in prospecting for oil must be 
able to penetrate layers of hard, subsurface 
rock. To prevent the diamonds in this drill 
from conversion to graphite, the rig is cooled 
below 1,000? C (1,832? F). 


cutting iocis that will slice through al- 
most an aterial. Diamond is used for 
special ;».»ding wheels, and for tipping 
drilling In the latter case, diamond- 
tipped ble to cut through layers of 
hard rc used by the oil industry. 
Howev any high-speed cutting, 
grindin drilling operation that in- 
corpor: mond, care must be taken 
that the reated by friction does not 
exceed C (1,832? F). At about this 
tempera liamond converts to graph- 
ite. 

Diam ccur in nature in the form 
of octal s and 48-faced hexoctahed- 
rons. T} that have pure, subtle hues 
or are letely transparent are des- 
tined fo velry. Others that are less 
desirabl: ome industrial diamonds. In 
fact, th »urities contained in less- 
than-ger lity stones enhance the 
hardnes r 

The of creating artificial dia- 
monds | raphite began in the nine- 
teenth « when the French chemist 
Henri M successfully obtained mi- 
nute stc f highly inferior quality. 
The tec in performing such a 
transmu is the duplication of nat- 
ural pr: In nature, diamond is 
created n the Earth over long pe- 
riods of by a combination of heat 
and inte pressure. In the process, 
graphite ng volcanic magma is con- 
verted into diamond. Quite expectedly, 
the richest diamond deposits are found 
in the ducts of long-extinct volcanoes, 


and such deposits have yielded gems of 
incredible size and purity, such as the 
3,106-carat Cullinan diamond, the world’s 
largest known gem diamond, and the re- 
cently discovered Sesotho diamond, a 
601-carat stone valued at $850,000 uncut. 

Since Moissan’s time, techniques have 
been developed that mimic nature. In- 
dustry is now capable of producing the 
high temperatures and pressures required 
to transform graphite to diamonds of 
commercial quality. In the course of this 
research, the graphite-diamond phase 


pressure 


2,000 


CARBON PHASE DIAGRAM—The research 
that led to the successful synthetic conversion 
of graphite into diamond has resulted in this 


4,000 5,000 ° K 
temperature 


diagram that illustrates several transformation 
thresholds of carbon as functions of tempera- 
ture and pressure. 


diagram was developed, and this clearly 
explains the formation of graphite and 
diamond with respect to pressure. It has 
been determined, also, that certain ma- 
terials (primarily chromium) act as cata- 
lysts able to convert graphite to diamond 
at temperatures approaching 2,000° C 
(3,632° F) under a pressure of 100,000 
atmospheres. This is equivalent to condi- 


tions in the Earth at a depth of 32 km 
(about 20 mi). Before the discovery of 
such catalytic agents, a temperature and 
pressure twice as high was required, Al- 
though the cost of synthetic industrial 
diamonds is somewhat higher than that 
of the natural product, the quantity is not 
limited as is the case with natural dia- 
monds. 
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ACTINIUM, THORIUM, 


AND PROTACTINIUM 


The series of elements in the actinide 
series ends the periodic table as it is now 
known. These metals begin with actin- 
ium (atomic number 89) and traverse 
the natural elements through uranium 
(92) into the man-made atoms from nep- 
tunium (93) to lawrencium (103). The 
eleven final elements in this series are 
also called the "transuranium" metals; 
these elements are never found in nature. 

While a great deal is known about the 
nuclear properties of elements 93 to 103, 
little or nothing is known about their 
chemical or physical properties. Since all 
the actinide metals are radioactive, they 
sre extremely short lifetimes, decaying 
a 


TWO IMPORTANT MINERALS—One ton of 
pitchblende, such as that in Illustration 1a, 
yields about 0.15 mg (about 0.0005 oz) of ac- 
tinium. The monazite in Illustration 1b is a 
thorium ore containing from 3 to 9 percent 
thorium oxide. 


through the emission of either alpha par- 
ticles (helium nuclei), beta particles 
(high-speed electrons), or gamma rays. 
As a secondary effect, x-rays are some- 
times emitted. 

When an element decays by emitting 
an alpha particle, its mass is decreased 
by two atomic mass units, with a corre- 
sponding lessening of the nuclear charge. 
Thus, the element becomes an isotope of 
the matter preceding it by two atomic 
numbers; for example, uranium-238 is 
transformed into an isotope of thorium- 
234, The emission of a beta particle, on 
the other hand, makes no appreciable dif- 
ference in the mass; however, the nuclear 
charge is increased by one unit, creating 
an isotope of the following element. 
Uranium (atomic number 92), for ex- 
ample, becomes an isotope of neptunium 
(atomic number 93). 


ACTINIUM 


Actinium was discovered in 1899 by the 
French chemist A, L. Debierne as a re- 
sidual product of uranium ores. Later, in 
1902, F. O. Giesel independently dis- 
covered the element mixed with rare 
earths in pitchblende. In the years fol- 
lowing, it was determined that actinium 
belonged to a series of radioactive ele- 
ments derived from uranium-235. 

Only the actinium isotopes actinium- 
227 and actinium-298 occur naturally. 
However, many others can be produced 
from thorium, uranium, and radium by 
bombarding them with nuclear particles. 
Because the half-life of actinium-227 is 
only 22 years, it would be impossible to 
find the element in nature were it not 
continually re-created from isotopes pre- 
ceding it in the series. 

Actinium, a silvery-white metal, is the 
second rarest element in nature; the 
material from which it is created, ?*5U, 
accounts for only 0.71 percent of native 
uranium. In fact, one ton of pitchblende 
yields on the order of 0.15 mg (about 
0.0005 oz) of the material. Because the 


elements in the actinide . ries 
concentrations of actin are very 
small, and because its "ical prop- 
erties appear to ape tho: lanthanum, 
it is difficult to extract th ment from 
its sources. Ion-exchang yeesses can 
be used to separate acti ind lantha- 
num, although very minu: ;uantities of 
actinium are produced efficiently, 
a nuclear reactor utili: idium and 
high-speed neutrons can >roduce the 
element in usable propo s. This syn- 


thesis was first achieved Peterson in 
1945, according to the 1 n: 


i 


Ra +n "Rat y- » 227A 6:7: N 
The radium absorbs a n n and con- 
verts to the very unsta Ra isotope 
that emits a gamma ray ; a half-life 
of 42 minutes, this isot oduces ac- 
tinium-227 by emitting : particle. 
The melting point ctinium is 
1,050? C (1,922? F); the ng point is 
estimated to be 3,200° í )0° (about 
5,792? F +500°). Actin ilways pro- 
duces trivalent compound. nd its chem- 
istry is similar to that « :thanum. It 
combines with all the halo: -ns and forms 
a hydroxide, an oxalate xide, and a 
sulfide. In quantities ex ng a milli- 
gram, actinium is difficult ¿o handle be- 


cause of the intense radiation developed 
by its decay products. 


THORIUM 


Discovered in 1828 by the Swedish chem- 
ist J. J. Berzelius, thorium is named for 
Thor, the Scandinavian god of war. It is 
fairly widely distributed in nature, but is 
seldom found in concentrated deposits. 
The energy available from the world's 
thorium has been estimated to be more 
than that in all the uranium and fossil 
fuels, combined. The main commercial 
source for thorium is the mineral mon- 
azite, which contains from 3 to 9 percent 
thorium oxide, in addition to uranium, 
cerium, and other lanthanides. 
Thorium extraction is a somewhat 


ess, since the element must 
1 from chemically sim- 
several methods can be 


complex pro 
first be separ 
ilar elements 


used to isolate the metal; it can be ob- 
tained by t^ luction of its oxide with 
calcium; by trolysis of anhydrous 
thorium ch! in a fused mixture of 
sodium and sium chlorides; and by 
the reductio s tetrachloride with an 
alkali metal. pure form, thorium is 
a silvery-gra | with a melting point 
of about 1,7 (about 3,092° F) and 
a boiling po the neighborhood of 
4,000°C (7 ^). The oxide, ThOs, 
has the hig! elting point of all ox- 
ides—3,300 172° F). When traces 
of the oxide sent, thorium changes 
from lustrou to black in the air; as 
a powder, it s spontaneously. It is 
very slight! ible in hydrochloric 
acid. 

Since 188 um has been used as 
a source of | in gas mantles. Pres- 
ently, it find: lication in the electron- 
ics industry n catalytic processes. 


Perhaps its r 
nuclear indu 
produce the 


'romising use is in the 
where it is used to 
e uranium-233 by fis- 


sion with lov d neutrons: 

282Th+n— 25 —183pg-- 9 233 U-- 8, 
Thorium h stable valence of +4 

and, like act it can form halide 

compounds. | fate is a purple solid, 

and it forms : inorganic and organic 

complexes. 

PROTACTIN 


After its exist: had been predicted by 
Mendeleev, wo called it ekatantalum, 
protactinium finally discovered in 
1917 by severa! researchers working in- 
dependently. Originally, it was called 
Protoactinium because the isotope first 
discovered, protactinium-231, precedes 
actinium in the radioactive series (not 
to be confused with the periodic table). 
Although the oxide PasO; had been pre- 
pared seven years previously, it was not 
until 1934 that pure metal was obtained. 

Protactinium is the rarest of all the 
Tien. either natural or man-made. 
^£ high-grade ores contain about 
ree parts per million, but pitchblende 
e only about one part protactinium- 
"e to 10 million parts ore. Obviously, 
olation techniques present enormous 


THE ACTINIUM SERIES—The illustration 


2 


graphs the transformation within the actinium 
series. The x-axis represents the atomic num- 
bers, the y-axis the mass numbers. Each posi- ý 7295 
tion gives the name of the radioisotope and its 7-108 a 
half-life. The various positions are connected T 
by arrows that indicate emission products as 24h— 73 um a 1231 
each element undergoes radioactive decay. 5 
Ac Th 
22a— 19d 7227 
a 
Frag Ra 2 
21m 1a 223 
E 
Em 1219 
a 4s 
Po ,7$ At 
E 103 s 0,9 m T215 
Ese m 
Pb Bi Po 
36m FB amc 03 s 1211 
s a 
n Pb, 
47m J207 
+ —— +—— + + + + + + + —- 
81 82 83 84 85 86 87 88 89 90 91 92 
problems. By a complex 12-stage British Metallic protactinium has an estimated 
process, however, about 125 g (about melting point of 1,230°C (2,246° F); a 
4.4 oz) of the element have been made boiling point has not been determined. 
available from 60 tons of uranium wastes. Its structure is that of tetragonal crystals. 
This presently represents the world sup- In aqueous solutions the element’s com- 
ply, and the cost per gram is about pounds hydrolyze easily into polymers, 
$2,800, Gram quantities have been pro- which makes the study of its properties 
duced from thorium-230 in the reaction: difficult. Protactinium forms oxides and 
halides and many ion complexes. 
Th +n > ?9Th + y > ??!Pa + f. y P 
| 
THORIUM-232—The illustration graphs the 3 
transformations in the thorium-232 series of Th 1232 
elements. 
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FROM GROUP IIIA TO 


GROUP 0 


One of the distinguishing features of 
the elements is their electrochemical be- 
havior. Those elements in Group IA of 
the periodic table, for example, are 
strongly electropositive with a definitely 
metallic character. At the other extreme, 
the elements of Group VIIA are strongly 
electronegative and exhibit nonmetallic 
properties. The noble gases of Group 0 
show little or no tendency to act as either 
metals or nonmetals, and for all intents 
and purposes are neither electropositive 
nor electronegative. 

There is yet another group of elements 
that possesses dual characteristics. This 
"non series" falls between the metals and 
nonmetals, and its members are drawn 
from Groups IIIA through VIIA. These 
are the semimetals, running in a diagonal 
line from boron (atomic number 5) to 
astatine (atomic number 85). The other 
elements in this family are silicon (14), 
arsenic (33), and tellurium (52). De- 
pending upon the types of compounds 
formed, the compounds of these elements 
can exhibit either metallic or nonmetallic 
behavior. Both acids and bases are 
formed. For instance, metallic character- 
istics are seen when oxides are formed, 
which in the presence of water yield basic 
solutions, On the other hand, their nonme- 
tallic anhydrides in water produce acids. 


GROUP IIIA 


The elements in this group are boron (5), 
aluminum (13), gallium (31), indium 
(49), and thallium (81). Aluminum and 
boron are relatively abundant in nature; 
the others, though widely distributed, 
appear only in small quantities in their 
respective ores. With the exception of 
boron (one of the semimetals), all the 
elements in this group are markedly me- 
tallic. In fact, in any given group the 
metallic properties of its members be- 
come more pronounced with an increase 
in atomic radius, which is also an increase 
in atomic number. 

All of the Group IIIA elements have 
three electrons in the outermost shell, 
producing trivalent cations. Boron, how- 
ever, has a relatively small atom, so that 
its electrons are held somewhat tightly 


semimetals, nonmetals, 
and noble gases 


by the nucleus. This accounts for the fact 
that it forms B+* compounds only with 
strongly electronegative elements. In gen- 
eral, its compounds are covalent. 
Aluminum, gallium, indium, and thal- 
lium all produce trivalent compounds. 
Additionally, thallium also forms uni- 
valent materials. The oxides of gallium, 
indium, and thallium have basic charac- 
teristics that increase in proportion to 


BORON AND ALUMINUM—lllustration 1a is a 
sample of boron, one of the semimetals. The 
metal in 1b is aluminum, a strong, lightweight 
element that is quite ductile and is a good 
electrical conductor. 
la 
! 
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elements in 


GALLIUM AND INDIUM—Th« 
these illustrations are rather rare. Gallium (Il- 
lustration 2a) has the odd property of weighing 
less in the solid state than as a liquid, a char- 
acteristic of bismuth and ice. Indium is shown 
in Illustration 2b. 
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their atomic weights. One of boron's ox- 
ides is a weak acid anhydride; the other, 
with the same formula (BOs), is a vit- 
reous compound similar to glass. Alumi- 
num oxide can behave both as an acid 
anhydride and a basic oxide. Its hydrox- 
ide, Al(OH)s, is an electrolyte with am- 
photeric characteristics, which means 
that it can form acids or bases. It func; 
tions as an acid to yield hydrogen ions 
in solution or as a base, producing hy- 


droxyl io: 


ment. 
GROUP ! 


Carbon ( 
(32), tin 
family m€ 
second in 
the Earth’ 
of more th: 
compound 
has four 
Because « 
shell, for t! 
electron-c: 
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pending on its environ- 


ilicon (14), germanium 
and lead (82) are the 


s of this group. Silicon is 


lance only to oxygen in 
t. Carbon is a component 
b of all known chemical 
‘h of the IVA elements 
ms in the valence shell. 
lectrons in the outermost 
lements, represents a full 
ment, each should be 


4a 


readily able to either gain or lose four 
electrons. In fact, carbon and silicon tend 
to form covalent compounds, but tin and 
lead produce ionic bonds with other mat- 
ter. Further, these differences in bonding 
account for considerable variance in 
melting points; carbon and silicon are 
nonmetallic and melt at high temper- 
atures; tin and lead are metallic and melt 
at much lower temperatures. 

In addition to their valence of 4 (tetra- 
valence), all these elements have a +2 
state. In compounds of germanium, tin, 
and lead, it is the +2 oxidation state that 
forms the more stable compounds. The 
bivalent lead compounds are the most 
stable of this element, a demonstration 
that stability is directly related to in- 
creasing atomic weight. 

The ability of the Group IVA elements 
to form compounds with hydrogen de- 
creases with atomic weight. Hydrocar- 
bons are numerous, well known, and nec- 
essary for life. Lead, however, produces 
only one compound with hydrogen-the 
hydride. In the formation of oxygen com- 
pounds, the elements form acidic sub- 
stances when in the tetravalent state, 
with decreasing acidity as the atomic 
weight increases. 


GROUP VA 


The Group VÀ elements, all with five 
electrons in the outermost shell, are ni- 
trogen (7), phosphorus (15), arsenic 
(33), antimony (51), and bismuth (83). 
This is a group of elements in which the 


NOR. SSS ÀÀ 
CARBON AND SILICON—Very similar to one 
another, carbon (Illustration 3a) and silicon 
(Illustration 3b) are tetravalent elements hav- 
ing both electronegative and electropositive 
properties. Present in all organic compounds, 
carbon can be replaced by silicon in some 
cases. Silicon is a vital component of many 
semiconductor devices. 


GERMANIUM, TIN, AND LEAD—The transistor 
industry owes its origins to germanium (Illus- 
tration 4a), a crystalline, brittle, metallic ele- 
ment. Tin (Illustration 4b) is the familiar plat- 
ing material on tin cans, and is a silver- 
white metal with good malleability. The lead 
sample in Illustration 4c is representative. ofa 
metal known and used for centuries. Lead 
pipes in working condition have been found in 
ancient Roman ruins. Lead is the final radio- 
active decay-product of uranium. 


4b 
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PHOSPHORUS AND ARSENIC—Illustration 5a 
shows yellow phosphorus, an element essential 
to plant growth. Arsenic, shown in Illustration 
5b, has applications beyond its well known use 
as a poison. It is used in the manufacture of 
transistors, and one of its compounds is used 
as a laser material. 


ANTIMONY—Like lead, antimony has been 

known since ancient times in its compounds 

and perhaps in the metallic state. It is used 

today in products as widely varied as medi- 

cines and paints, alloys, and flameproofing 

compounds. 
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first member is a gas and the last a metal. 
(The IA group does not actually have 
hydrogen as its first member because this 
gas is generally considered separately.) 

The VÀ elements gain or lose electrons 
with relative ease, combining with elec- 
tronegative matter in the elements’ +3 
or +5 states and with electropositive ele- 
ments in the —3 state (except bismuth). 
In the —3 oxidation state, the compounds 
formed by the VA elements contain a 
pair of free electrons, as in ammonia. 

Nitrogen is the only element to have 
the wide-ranging valences from —3 to 
+5. It is the major gaseous constituent 
of the Earth's atmosphere, and is vitally 
important to the maintenance of the 
plant and animal life cycles. Nitrogen 
and phosphorus are typical nonmetals, 
while arsenic is one of the semimetals, 
and antimony and bismuth possess es- 
sentially metallic properties. The be- 
havior of this group, like other groups, 
shows a gradual change from nonmetallic 
to metallic, with the increasing atomic 
radii, corresponding to increasing atomic 
numbers. This also accounts for the in- 
creasing alkalinity of their oxides, Fi- 
nally, these elements are quite stable in 
the elementary state, and all have strong 
oxidizing properties in the pentavalent 
compounds, 


GROUP VIA 


This group is composed of oxygen (8), 
sulfur (16), selenium (34), tellurium 
(52), and polonium (84), all with six 
outer-shell electrons. Oxygen and sulfur 
are readily found in nature, with the 
former being the most abundant element 
in the Earth’s crust. In small quantities, 
selenium is widely distributed; tellurium 
and polonium, on the other hand, are 
quite rare. Similar to the nitrogen family 
(VA), the elements of VIA are gaseous 
at the lowest atomic number and solid as 
the atomic number increases. 

The maximum oxidation state of the 
VIA elements is +6, and all but oxygen 
also have +4 valences. In addition, all 
have —2 states; polonium has a +2 form. 
The higher oxides of these elements are 
all acid in character, and they all form 
compounds with hydrogen of the general 
formula nH». The most important of 
these compounds is water, without which 


BISMUTH, SULFUR, AND SELENIUM—Bis- 
muth (Illustration 7a) is similar to antimony 
as a metal and in its compounds. Sulfur (Illus- 
tration 7b), the brimstone of the witch hunters, 
is a widely distributed element with innumer- 
able uses. Selenium (Illustration 7c) is a some 
what rare element with the ability to cheng? 
alternating current to direct current, and 

thus used as a rectifier in electronic circuits. 


b 

i 
E 
TELLUR! Found in both the native and 
combine in nature, this semimetal is 
brittle a the pure state is silvery-white. 
It is use ramics. 
there c »e no life on Earth. Lastly, 
there i idual but marked decrease 
in oxidi »wer from oxygen to polon- 
ium, ar hydrogen compounds of 
seleniu: urium, and polonium have 
greater cing characteristics than 
hydrog: If 
GROU 
This is alogen group of elements 
that cor fluorine (9), chlorine (17), 
bromine ), iodine (53), and astatine 
(85). A c is not found in nature; it 
is prodi synthetically by nuclear re- 
action. 

The ph: -ical properties of the halogens 
vary unilonmly from one element to the 
next in the group, with specific gravities, 
melting and boiling points, and the in- 
fluence of temperature on dissociation 


rising with the atomic weights. All have 
seven electrons in the outermost shell 
and show a strong tendency to acquire 
one electron to produce very stable nega- 
tive ions. Hydrogen affinity decreases 
and oxygen affinity increases directly 
with atomic weight. 

The halogens combine directly with 
metallic elements to form halides, and 
metals must be protected from the cor- 
Tosive action of these elements. All are 
strong oxidizing agents and will cause 
Severe damage to the skin and mucous 
membranes. Fluorine, in fact, is one of 
the most active of elements. 


CHLORINE—Under normal conditions, chlo- 
rine is a greenish-yellow gas with an irritating 
odor. Like all of the halogens, it is a powerful 
oxidizing agent. 


GROUP 0 


The last of the groups in the periodic 
table contains the noble gases, so called 
because of their extreme inertness. The 
family members here are helium (2), 
neon (10), argon (18), krypton (36), 
xenon (54), and radon (86). All but 
radon are found in the atmosphere in 
minute quantities. Radon is a product 
of the radioactive decay of radium. 

The outermost shells of the Group 0 
elements are completely filled—they have 
no tendency to join with other elements. 
Thus, naturally occurring noble-gas com- 
pounds are unknown, although sophisti- 
cated techniques have been devised to 
prepare noble gas compounds with very 
reactive elements such as fluorine. 

The noble gases are good electrical 
conductors at high voltages. “Neon” signs 
contain one or more of these gases that 
are ionized by high voltages—the degree 
of ionization is high enough to cause the 
glow. The color of the sign is dictated 
by the kind of gas in the tubes. In the 
commercial preparation of noble gases, 
helium is sometimes extracted from nat- 
ural gas, while the others are usually 
obtained by the fractional distillation of 
air. 

An element's characteristics depend on 
the elements position in the periodic 
table. Many of an element's properties 
can be forecast simply by knowing its 
location in the table. After Mendeleev's 


BROMINE—This halogen, one of only two ele- 
ments that are liquid at room temperature, is 
less reactive than fluorine or chlorine, but can, 
nevertheless, cause serious burns. 


initial table became known, for example, 
researchers not only postulated the ex- 
istence of many elements then unknown 
but were even able to predict correctly 
some of the elements’ characteristics. 
Two major components of the table were 
omitted by Mendeleev: the existence of 
the noble gases and the properties of the 
radioactive elements. 

See See 


1ODINE—Perhaps the best known of the halo- 
gens, lodine is solid, forming beautiful purple- 
black crystals. When heated it gives off an 
irritating vapor. In contrast to the gaseous 
halogens, iodine tends to form monoatomic 
molecules. 
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THE TRANSITION ELEMENTS FROM 


IRON TO MERCURY 


In the approximate center of the periodic 
table, comprising Group VIII, are the 
transition elements, all metals, from iron 
(atomic number 26) to platinum (atomic 
number 78). Group VIII is made up of 
three triads of elements, with the mem- 
bers of each triad closely resembling one 
another both chemically and physically. 
The first series, the iron triad, is com- 
posed of iron (26), cobalt (27), and 
nickel (28). Next is the palladium triad, 
of ruthenium (44), rhodium (45), and 
palladium (46). Finally, there is the plat- 
inum triad, whose members are osmium 
(76), iridium (77), and platinum (78). 
All these metals are grayish to silvery- 
white, have moderate to high melting 
points, and have almost constant atomic 
radii within the triad. 
1 


IRON—Known and used for centuries, this 
element has marked metallic properties. It 
forms more than 100 compounds in its +2 or 
+3 valence state. Ordinary rust is one form 
of iron oxide. 


IRON TRIAD 


Iron, nickel, and cobalt are clearly metal- 
lic in character. Their melting points are 
moderately high, ranging from 1,453° to 
1,535? C (about 2,645° to 2,795° F). 
In their stable forms, all of these ele- 


Peige yl A ete 


COBALT—A silver-white or gray metal, cobalt 
melts at 1,495° C (about 2,725° F). Its valences 
are +2 and +3. This metal imparts an in- 
tense blue color to glass, and its °°Co isotope 
is the heart of the cobalt "bomb" used in 
medicine. 


ments are ferromagnetic at ordinary tem- 
peratures. This means that under the in- 
fluence of a magnetic field they become 
magnetic, and remain so after removal of 
the field. This property is due to unpaired 
electrons in the incomplete electron 
levels. At high temperatures, the metals 
are paramagnetic (weakly magnetic). 

Iron, cobalt, and nickel each have va- 
lence states of 2 and 3. In the higher state 
they exhibit strong oxidizing properties. 
Because they also have incomplete inner 
electron levels, they easily form stable 
complexes, in which conditions the elec- 
tron configuration approximates that of 
the noble gases. 


PALLADIUM AND 
PLATINUM TRIADS 


These triads can be examined in combi- 
nation because the chemical and physical 


tools, medicine, 
paint, and money 


properties of their elem are similar, 
Because of their relative i ness, all six 
elements are found in na n their ele- 
mentary forms. All ar r reducing 
agents and oxidize only lifficulty. 
Because of their sim to one an- 
other, the ores of rut! 1, rhodium, 
palladium, osmium, ir and plat- 
inum are usually fou ;ether; the 
metals are sometimes l naturally 
alloyed. Separation of nents is dif- 
ficult because the pr: of one ele- 
ment influences the ch behavior of 
the others. Platinum, f mple, is dis- 
solved by aqua regia ( ure of nitric 
and hydrochloric aci while pure 
iridium is totally unaf If the two 
metals are in a mixti owever, the 
acid dissolves part of idium along 
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al, nickel 
nd +3 oxida- 
| it imparts @ 
The five- 


cent U.S. "nickel" is 25 percent nickel, 


NICKEL—A durable, silvery-gray met 
forms compounds in the +2 a 
tion states. As a plating material 
finish similar in appearance to silver. 


hows the 


percent copper. The illustration Sl rris 


metal in the powdered and spherical fo! 


with the platinum, 

The mvials in these triads have oxida- 
tion states from 3 to 8, though iridium 
and rho: have a strong tendency to 
form co es with ammonia in their 
trivalent Palladium and platinum 
form qi table complexes in the +2 
and +4 

Becat adsorb hydrogen readily, 
these m re used as catalysts. (In 
adsorpti: liquid or a gas is held fast 
to a soli he physical state of the 
metal is tant with respect to its 

| hydrog« ption properties. Palla- 
dium in »rm, for example, adsorbs 


drogen hundreds of times 
Finely divided platinum 
an adsorb a volume of 
) times its own volume, 


a volume 
its own \ 
in suspe 
hydrogen 


SUTHENIUM—A hard, brittle, grayish-white or 

in i Metal, ruthenium takes its name from 

am word for Russia, where it was dis- 

ER ed. It has valence states of 3, 4, 6, and 

ünd RS is widely used as a catalyst, 

a when used in alloys, it imparts mechanical 
Tength to other metals. 


RHODIUM—This metal has valences of 2, 3, 
4, and 5, and in the pure state is silvery-white. 
At red heat it converts to an oxide, but at 
higher temperatures reverts to the metallic 
form. In plating, rhodium provides an ex- 
ceedingly durable surface; the metal is used 
in jewelry making, 


OSMIUM—This metal takes its name from the 
Greek osme, meaning odor. While the solid 
metal is not affected by air at room tempera- 
ture, in the powdered or spongy state it forms 
an oxide with a strong smell. The tetroxide 
is highly toxic, causing lung congestion, and 
skin or eye damage in concentrations as low 
as 107 grams/cubic meter. Almost all the 
osmium produced is used to make very hard 
alloys. 


PALLADIUM—At room temperature, palladium 
can adsorb up to 900 times its own volume of 
hydrogen, a property used to purify the gas. 
White gold, as used in jewelry, is an alloy 
of gold decolorized by the addition of pal- 
ladium. 


and in a colloidal solution will adsorb 
up to 3,000 times its volume of the gas. 
The use of these elements is not re- 
stricted to hydrogen adsorption, how- 
ever; platinum is used to a great extent 
in the catalytic oxidation of sulfur diox- 
ide and ammonia and in the oxidation of 
carbon monoxide to carbon dioxide with 
water. In an alloyed form, rhodium is 
also used in the catalytic oxidation of 
ammonia. 

The final six elements of the transition 
metals are found in the copper and zinc 
subgroups, IB and IIB, respectively. 
Some authorities exclude these subgroups 
from the transition elements, while others 
consider that the general properties of 
the elements place them in the terminal 
group of transition elements. 


COPPER SUBGROUP 


This group includes copper (29), silver 
(47), and gold (79), all clearly metallic 
in character. They are all ductile and ex- 
cellent conductors of electricity and heat. 
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PLATINUM—This  long-known and highly 
prized metal is impervious to ordinary chemi- 
cal reagents, although it is dissolved by aqua 
regia to form the important compound chloro- 
platinic acid. Platinum has been used in a 
number of applications where resistance to 
high temperatures is required. 


5 more stable, they do not oxidize readily 
id under normal conditions, anc ‘hey read- 
ily form complexes with ( groups, 

ammonia, Cl-, and other io 
In the metallic state, coppe silver, and 
gold are fairly resistant to « sion and 
atmospheric agents; this is ticularly 
true of gold. Copper is gen y alloyed 
with gold and silver to im; the me- 
chanical properties of th precious 

metals. 


ZINC SUBGROUP 


The last of the transition : ; are zinc 
(30), cadmium (48), and iry (80). 
Mercury is unique in that the only 
y 4 NATIVE COPPER—A reddish, ductile metal, widely used in metallurgy, e it adds 
metallic copper is found in the native state, strength and hardness to ol! tals (Illus- 
and forms more than 100 compounds. It is tration 10). 


10 


IRIDIUM—With a valence of 3 or 4, iridium 
forms very colorful salts. It is the most cor- 
rosion-resistant metal known. It is used mainly 
in alloys to harden platinum. 


Tn fact, silver is the most efficient electri- 
cal conductor known (other than the re- 
cently discovered superconducting al- 
loys), and research is constantly seeking 
economical use of this property. Silver 
is the most malleable and ductile of all 
metals except gold, and it can be beaten 
into leaves of less than 0.00025 mm 
thickness. The three metals have mod- 
erately high melting points, around 
1,000? C (about 1,830? F). 

Each metal in this subgroup has a sin- 
gle electron in the outermost shell, thus 
having the valence characteristics of the 
alkali-metal elements (Group IA). The 
next-to-outermost shell is complete, 
though it readily loses one or two elec- 
trons in the cases of copper and gold, re- 
spectively. Thus, silver has only one oxi- 
dation state, +1; copper has two, +1 and 
+2; and gold has two, +1 and +3. Al- 
though they have only one electron in the 
outermost shell, the elements differ con- 
siderably from the Group IA metals in 
certain chemical and physical properties. 
The copper subgroup elements are much 
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CADMIUM—This element is similar to zinc 
in many ways, and is most often found in 
association with zinc ores. It forms bivalent 
compounds, and is a component of some 


GOLD—Sh ere in the granular state, gold use as jewelry, gold is now used as a radio- of the lowest melting-point alloys. Both the 
is perhaps vost prized metal in the world. active tracer in medicine. It is the most ductile — bluish-white metal and its compounds are 
National ex ies are based on its stable of all metals; one ounce of gold can be beaten highly toxic. Exposed workers usually incur 
value. Alm ithout exception, it is found into a sheet 300 feet square. Extremely inert, warning symptoms before the lungs are 
in the nati ite. Besides its centuries-old it is considered to be almost indestructible. damaged. 
metal that juid at room temperature, 12 14 
and shares property with only one 1 
other elem 'romine. 
All thre: Is are bivalent, and mer- 
cury is als alent. There is a similar- 
ity in elect onfiguration between the 
zinc subg and the alkaline-earth 
metals (C IIA), each member of 
both famil: 'ving two electrons in the 
outermost In zinc, cadmium, and 
mercury, t! xt-to-outermost shell has 
à full elect omplement. 
Zine’s m res are sphalerite, smith- 
Sonite, wil! ite, and franklinite. The j 
metal is w used to protect ferrous Á 
metals from -xidation. Cadmium is gen- y 
erally found in combination with zinc in i^g 
its ores, anc is finding increased use in Ji 


dry cell batteries. Cadmium compounds 
also provide the basis for certain paint 
Pigments. Mercury can be found in both 
the metallic state and combined with 
sulfur (cinnabar). Usually, however, 
mercury is mined as cinnabar. A unique 
element, mercury is used frequently in 
laboratory and clinical thermometers; in 
dental work it is used to form an amal- 
Sam with silver for fillings. Mercury is 
used as a fungicide, and in batteries and 
other electrical equipment. 


This bluish-white, lustrous metal Is 
Ren ordinary temperatures, but quite 
malleable between 100? and 150° C (212° and 
302° F). It has a valence of +2, and forms 
many compounds in nature. With other metals, 
it forms numerous alloys, from type metal to 
spring brass, The common garbage can is 
protected from rust by a coating of zinc. 


MERCURY—The only metal that is liquid at 
room temperature, mercury is sometimes 
called quicksilver. Its two oxidation states 
form a variety of compounds, from medicines 
to paint pigments. Mercury, its vapor, and 
some of its compounds are virulently poison- 
ous—a fact not commonly appreciated. The 
most common mercuric ore is cinnabar. 
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ABBREVIATIONS 


footcandle 
foot-pound 


universal gravitational constant 
gram 

gallon 

gram-calorie 

gallons per minute 

gallons per second 


hour 

photon energy 
horsepower 

hertz (cycles per second) 


electric current 
inside diameter 
inch 

square inch 
cubic inch 
inch-pound 
inches per second 


joule 


temperature Kelvin (absolute) 
kilocalorie 

kilogram 

kilogram-calorie 
kilogram-meter 

kilograms per cubic meter 
kilograms per second 
kilometer 

kilovolt 

kilowatt 

kilowatt-hour 


liter; lumen 

latitude 

pound 

pound-foot 

pounds per square foot 
pounds per cubic foot 
pound-inch 
lumen-hour 

linear foot 

logarithm (common) 
logarithm (natural) 
longitude 


meter; minute (time, in astronom- 
ical circles) 


yd 
yd? 
yd* 


SCIENTIFIC SYMBOLS AND ABBREVIATIONS 


A ampere 

A Angstrom unit 

abs absolute 

a-c alternating current (as an adjective) 
amu atomic mass unit 

atm atmosphere 

at.wt atomic weight 

AU astronomical unit 

avdp avoirdupois 

Bev one billion electron volts 
bhp brake horsepower 
bhp-hr brake horsepower-hour 
bp boiling point 

Btu British thermal unit 

Cc temperature Celsius; temperature 

Centigrade 

[3 candle 

cal calorie 

cfm cubic feet per minute 
cfs cubic feet per second 
cgs centimeter-gram-second (system) 
cl centiliter 

cm centimeter 

cm? square centimeter 

cm? cubic centimeter 

coef coefficient 

colog cologarithm 

cos cosine 

cot cotangent 

cp candlepower 

cse cosecant 

cu cubic 

cuft cubic foot 

db decibel 

d-c direct current (as an adjective) 
doz dozen 

E electromotive force 

e the base of the system of natural 

logarithms 

ev electron volt 

F temperature Fahrenheit 
fp freezing point 

fpm feet per minute 

fps feet per second 

ft foot; feet 

ft? square foot 

fts cubic foot 

a alpha particle 

B; Bo beta particle 

B+ positron 
y gamma radiation 
^ a small change; heat 
À wavelength; radioactive-decay con- 

stant 

ma milliampere 
pe microcurie 
uf microfarad 
jin.  microinch 
pm micron 
[m micromicron 
ppf — micromicrofarad 
Y frequency; neutrino 
T 3.14159; osmotic pressure 


Pie XR XR. Ac Vi ior oe 


the sum of 

nuclear cross section (barns); area 
electrical resistance (ohms) 
angular speed; angular velocity 
minute (angular measure) 
second (angular measure) 

male 

female 

is greater than 

is less than 

is proportional to 

infinity 

square root of 


degrees; temperature; angle measure- 
ment (example, 30°) 


[] 
+ 
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square meter 

cubic meter 

milliampere 

one million electron volts 
milligram 

millihenry 

mile 

square mile 

minute 

meter-kilogram 

milliliter 

millimeter 

square millimeter 

cubic millimeter 
millimicron 

miles per hour 

miles per hour per d 
millivolt 


Avogadro's constant 
factorial n 


outside diameter 


ounce 

rating on acid-alk:! cale 
parts per million 

pounds per square 

pounds per squar: absolute 
temperature Rea resistance 


right ascension 
revolutions per min 
revolutions per sec 


secant; second 
sine 

specific gravity 
square 


tangent 


volt 
volt-ampere 


watt; work 


yard 
square yard 
cubic yard 


molar concentration 

positive electric charge; mixed with; 
plus 

negative electric charge: single cova- 
lent bond; minus 


equals; double covalent bond; pro- 
duces 


does not equal 

triple covalent bond 

produces; forms; chemical reaction 

reversible chemical reaction 

gas produced by a chemical reaction 

precipitate produced by a chemical 
reaction 


radioactive substance (follows sym- 
bol of element; example, 


THE 
ILLUSTRATED SCIENCE 
DICTIONARY 


Haber Process to Induction 


KEY TO PRONUNCIATION 


The diacritical marks are: 


ə banana, abut e bet th thin 
ə preceding l, m, n é beat th then 

as in battle i tip ü rule, fool 
ò electric 1 bite ù pull, wood 
ər further j job, gem ue German 
a mat q sing hübsch 
à day 6 bone ue French rue 
ä cot, father ò saw, all yü union 
aü now, out ói coin zh vision 


! mark preceding the syllable with strongest stress. 
, mark preceding a syllable with secondary stress. 


The system of indicating pronunciation in these volumes is used by permission 
from Webster’s Third New International Dictionary, copyright 1961 
by G. & C. Merriam Co., Publishers of the Merriam-Webster Dictionaries. 


Haber process Vhà-bor 'pras-es\ 
curmusrry. A chemical process that combines hydrogen and 
nitrogen, under pressure, at a high temperature and in the 
presence of a catalytic agent, to form ammonia, NH;. 


The ammonia yielded by the HABER PROCESS has many impor- 
tant uses, among which is the production of nitric acid and 
fertilizer. 


habit Vhab-otV n. 
1. zooLocy. A characteristic, acquired by repetition, of acting 
in a certain manner. 2. EARTH SCIENCE, The characteristic shape 
or combination of forms of crystal growth; also, the general 
shape of a mineral that is controlled by the shape and relative 
proportions of its crystal faces. 


The feeding wazrr of a bird or other animal may be changed 
by a new environment. 


habitat \'hab-o-,tat\ n. 
pioLocy. The natural living place of an animal or plant. 


Cold, fresh, clear water is the nasrrar of the rainbow trout. 


hail \'hāl\ n. 
EARTH SCIENCE. Pellets of ice that form as frozen raindrops in 
cumulonimbus clouds. Viewed in cross section, these pellets 
frequently have a layered or onionlike structure. 


uam increases in size as the individual pellets pass through 
zones of supercooled water vapor where additional water 
freezes onto them. 


half-life \haf-lif\ n. 
puysics. The length of time required for half of the atoms of a 
given amount of a radioactive element to disintegrate. It is the 
unit used in measuring the rate of disintegration of radioactive HAIL 
substances. 


The HALF-LIFE of uranium 238 is 4.5 X 10° years. 


half-reaction Vhaf-ré-'ak-shon n. 
CHEMISTRY and PHYSICS. Either of the changes that take place 
within an electric cell. One half-reaction is the dissolving of 
the negative electrode to form ions. The other half-reaction is 
the depositing of electrons on the positive electrode. 


HALLEY'S COMET 


‘SALINE BASIN 


= HALOPHYTES 


halophytes 


In an electric cell, each kind of HAL¥-REACTION is necessary to 
produce electricity. 


halide \‘hal-,id\ n. 
CHEMISTRY. Any compound composed of one of the halogens 
(chlorine, bromine, fluorine, iodine and astatine) and another 
element, generally a metal. One example is sodium chloride, 
NaCl, commonly known as table salt. 


Because the naLme silver bromide, AgBr, is sensitive to light, 
it is used in making photographic film. 


Halley's comet Vha-,lez 'käm-ət\ 
ASTRONOMY. A comet named in honor of the astronomer Ed- 
mund Halley, who predicted its return. It appears at intervals 
averaging 77 years and is the only great comet that returns at 
intervals of less than several hundred years. 


The records of the appearance of HALLEY’s comet date back to 
240 B.C., and its next appearance is predicted for 1986. 


halo \'ha-(,)10\ n. , 
EARTH SCIENCE. A colored ring of light that encircles the sun or 
moon; also, a circle of light around the sun or moon when 
viewed through a cirrostratus cloud. A halo is caused by refrac- 
tion of light in ice crystals or water vapor in the upper atmos- 
phere. 


A naro is sometimes colored like a rainbow. 


halogen Vhal-o-jonY n. 
CHEMISTRY. One of a family of nonmetallic elements (chlorine, 
bromine, iodine, fluorine or astatine) that has seven electrons 


in its outermost shell. 
The word HALocEN comes from Greek words meaning “salt 
former.” 


halogenation \,hal-e-ja-'na-shon\ n. 
cuemistry. The reaction of a halogen with an organic com- 
pound, such as the reaction of chlorine, Cle, with methane, 
CH4. 
The complete HALOGENATION of methane with chlorine pro- 
duces the common solvent carbon tetrachloride, CCl,. 


alophytes \'hal-9-,fits\ n. 
E da Plants that grow either in alkaline or salty soil. 


The HALopHYTES are one of four plant groups that are classified 
on the basis of their water requirements. 
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272 | hanging valley 


hanging valley \'hay-in 'val-eV . : 
EARTH SCIENCE. A valley of a tributary stream whose floor is 
higher than the level of the main stream or shore. 


The stream flowing in a HANGING VALLEY usually empties by 
waterfall into a larger stream, lake or ocean. 


haploid Vhap-,lóidV adj. 
pioLocy. Pertaining to a cell that has only half the number of 
chromosomes present in a zygote or somatic cell; equivalent to 
monoploid. 


All cells of the gametophyte generation in plants such as ferns 
and mosses have the HapLow number of chromosomes. 


haploid number \'hap-,loid 'nom-borV 
ioLocy. The number of chromosomes characteristic of repro- 
ductive cells; the n number of chromosomes. 


Reproductive cells, known as gametes, have a HAPLOID NUM- 
BER, or n number, of chromosomes, but fertilized eggs and 
body cells have a diploid, or 2n, number. 


hardness \'hard-nis\ n. 
1, EARTH SCIENCE. The resistance of a solid material to surface 
abrasion or cutting, as determined by its ability to scratch or 
withstand scratching by another solid; see Mohs’ scale. 2. puys- 
Ics. The quality of X rays that determines how much they will 
penetrate a given substance. 3. ENGINEERING. The resistance of 
a solid material to deformation or penetration. 4. CHEMISTRY. 
See hard water, temporary hardness and permanent hardness. 


The ri^npNESS of a mineral is one of the properties used in iden- 
tifying it. 


hardpan Vhárd-,;panN n. 
EARTH SCIENCE. The firmly-packed layer of earth, usually clay 
particles cemented by insoluble materials, that lies beneath 
the soil. 


HARDPAN limits the downward movement of water and the 
downward growth of plants. 


hard water Vhàrd 'wot-ar\ 
CHEMISTRY. Water containing certain dissolved salts that pro- 
duce generally-undesirable effects, such as forming insoluble 
compounds with soap and clogging hot-water pipes with pre- 
cipitates. 


Some detergents contain a substance, such as borax, to soften 
HARD WATER. 


HANGING VALLEY 


MEIOSIS 


‘osemite fall: 


Primary 
spermatocyte 
(Diploid cell) 


HAVERSIAN CANAL 


HEADLAND 


headwaters 


as principle Vhárd-& 'win-berg 'prin(t)-s(o-)- 
pe 
BIOLOGY. An equation stating that, under random mating condi- 
tions, a large animal or plant population produces a constant 
variety of genotypes as long as other conditions remain constant. 
The HARDY-WEINBERG PRINCIPLE is basic to the study of popula- 
tion genetics. 


harmonic frequencies \har-'min-ik 'fré-kwon-sezV 

PHYSICS. À series of frequencies resulting from the fundamental 
frequency of a vibration, each harmonic frequency having two, 
three or more times the number of vibrations or waves as the 
fundamental frequency. It is expressed as cycles per second. 
In music, the harmonic frequencies produce overtones. 
Without HARMONIC FREQUENCIES, the tone of a musical instru- 
ment is colorless. 


harmonic motion \har-'min-ik 'm6-shon\ 

puysics. A type of periodic motion produced by an elastic body. 
Simple harmonic motion has one frequency and amplitude. It 
extends to points equidistant from equilibrium position. Accel- 
eration of motion is in direct proportion to the distance from 
equilibrium position. 

The motion of a spring or of a clock pendulum is typical of 
HARMONIC MOTION. 


harmonic progression \här-'män-ik pro-'gresh-on\ 
MATHEMATICS. A sequence of terms whose reciprocals, taken in 
order, form an arithmetic progression. 
The sequence %, %, Ys, 34, 16, 141 is @ HARMONIC PROGRES- 
SION. 

Haversian canal Vho-'vor-zhen kə-'nal\ 
ANATOMY. One of the tiny canals forming a network through 
which blood vessels pass into and through bones. 
The blood vessels within a HAVERSIAN CANAL carry nourishment 
to living bone cells. 

headland Vhed-londN n. 
EARTH SCIENCE. A high point or projection of land into a lake 
or a sea; also, the source area of a stream. 
A HEADLAND is sometimes referred to as a cape, a head, a prom- 
ontory or a tongue. 

headwaters Vhed-,wót-erzV n. 
EARTH SCIENCE, The small streams that form the beginning, or 


source, of a river. 
The weapwaters of the Missouri River are located on the east- 
ern slope of the Rocky Mountains. 
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heart 


heart \'härt\ n. 
ANATOMY and zooroc. Any hollow, muscular organ of an ani- 
mal that maintains circulation of the blood by alternate dilation 


and contraction. 
In mammals and birds, the enr has four chambers. 


heartwood Vhárt-wüdN n. 
sorANY. Wood occupying the inner cylinder of a tree stem. 
It is usually darker than the outer wood and is made up of dead 
tissue, often filled with gums and resins. 


The neartwoop of a tree is also called the duramen. 


heat \'hēt\ n. 
puysics. A form of energy that melts, evaporates or raises the 
temperature of a substance; also, the internal energy of a sub- 
stance, associated with the kinetic energy of its molecules and 
atoms. 


neat is measured by either the calorie or the British thermal 
unit. 


SAPWOOD 


heat barrier Vhét ‘bar-é-ar\ 
AERONAUTICS and ASTRONAUTICS. A limitation imposed on the 
speed of aircraft due to the intense heating created by the fric- 
tion of air passing over the surface of the vehicle. 


Because of the Heat Barrier, special alloys and ceramic ma- 
terials have been developed for high-speed aircraft and space 
vehicles. 


HEARTWOOD 


heat engine Vhét 'en-jonV 
ENGINEERING. Any one of several types of engines, as steam, 
diesel, gasoline, steam-turbine or jet-propulsion, operating on 
the principle that heat gives increased motion to molecules and 
releases energy in the form of expanded gases. 


The early engine driven by steam was a much less efficient HEAT 
ENGINE than the modern diesel engine. 


heat exhaustion \'hét ig-'z6s-chon\ 
MEDICINE and PHYSIOLOGY. A condition caused by overexposure 
to high temperatures, usually accompanied by symptoms such 


as abdominal cramps, dizziness, rapid pulse and low blood 
pressure. 


ELECTRICAL CURRENT 
ELY 


Sunstroke is a dangerous form of HEAT EXHAUSTION. 


heating element \'hēt-iņ 'el-o-montV 
ENGINEERING. That part of an electrical heating system or device HEATING ELEMENT 


heavy water 


that transforms electrical energy into heat energy; also, gener- 


ally, an alloy having a high resistance, used to make a fila- 
ment. 
80 calories of heat required to 
melt one gram of ice at 0° C A coiled wire made of a nickel-chrome alloy is generally used 
as the HEATING ELEMENT of a toaster. 


heat of formation Vhét ov for-'ma-shon\ 
CHEMISTRY. The amount of heat that is absorbed or released 
when one mole of a compound is formed from its component 
elements. 


Since most compounds have a positive HEAT OF FORMATION, 
energy is given off when they are formed. 


HEAT OF FUSION (OF ICE) 


heat of fusion Vhét ov 'fyü-zhonV 
puysics. The amount of heat required to melt one unit of mass 
of a given solid at its melting point, thus changing it to a liquid 
at the same temperature. 


The wear or Fusion of a solid is commonly expressed as a given 
number of calories per gram of that solid. 


heat of vaporization Vhét ov ;và-p(-)ro-'za-shenV 
CHEMISTRY. The amount of heat required to convert a unit mass 
Hot water of liquid at its boiling temperature into a vapor at the same 
uod temperature. 


cold woter 
descends 


The HEAT OF VAPORIZATION of water is about 540 calories per 
gram at 100° C. 


HEAT TRANSFER (CONVECTION) heat sink \'hét 'sink\ 
puysics. A device that absorbs heat or that dissipates it away 
from components that it might otherwise damage. 


One type of HEAT SINK transfers heat away from electronic 
equipment that operates at high temperatures. 


heat transfer \'hét 'tran(t)s-,for\ 
puysics. Any of three methods of moving heat energy from one 
PLEO place to another: conduction (as through solids or stationary 
liquids ), convection (as by moving gases or liquids) and radi- 
ation (as by means of radiant-heat energy). 


POT 
eo 


NEUTRON 


PROTON 


HEAT TRANSFER is always from a warmer to a colder place. 


heavy hydrogen \'hev-é "hi-dro-jonN 

HYDROGEN ATOM HEAVY HYDROGEN ATOM Another name for deuterium. See deuterium. 

HEAVY HYDROGEN 

heavy water \'hev-é 'wot-ar\ | 
cuemustry. Water in which deuterium atoms take the place of 
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hectometer 


ordinary hydrogen atoms. Heavy water has approximately the 
same chemical properties as ordinary water but is somewhat 
denser. It is found in water as one part in approximately 6,000 


parts. Its chemical name is deuterium oxide. HELIOCENTRIC 


HEAVY WATER is used as a moderator to slow down neutrons in 


nuclear reactors. AD 


hectometer Vhek-to-,mét-orV n. 
MATHEMATICS. A unit of length in the metric system equal to 100 


meters, or 328.08 feet. 
(MODEL OF SOLAR SYSTEM) 


Ten decameters are equal to one HECTOMETER. 


heliocentric \,hé-lé-6-'sen-trik\ adj. 
ASTRONOMY. Related to, or measured from, the sun's center; 
also, having the sun as a center. 


In a HeLIOcENTRIC model of the solar system, the sun is at the 
center and the planets revolve around it. 


heliodyne Vhé-l&-o-,dinV n. 
ASTRONAUTICS. A spacecraft that can use the sun’s heat to help SUNFLOWER 
manufacture its own fuel. 


The HELIODYNE is a spacecraft of the future. x 
MORNING AFTERNOON 
heliotropism \,hé-lé-'a-tra-piz-om\ n. 
BOTANY. The curvature or turning of certain plants or plant 
parts in response to the stimulus of sunlight; also, a form of 
phototropism in which sunlight is the stimulus. HELIOTROPISM 


The daily turning of the head of a sunflower is an example of 
HELIOTROPISM. 


helium \'hé-lé-om\ n. 
AERONAUTICS and CHEMISTRY. A very light, colorless, gaseous 
element. Because it is less dense than air and will not burn or 
explode, helium is used in blimps and dirigibles. Symbol, He; 
atomic number, 2; atomic weight, 4.0026. 


The nucleus of an atom of HELIUM, known as an alpha particle, 
has two protons and two neutrons and is useful in experimental 
work with radioisotopes. 


helix \'hé-liks\ n. 
1. MATHEMATICS. A curve that intersects the elements of a cylin- 
drical or conical surface at a constant angle. 2. prysics. A cylin- RE 
drical coil of wire, such as a solenoid. 


4 


Stripes on a barber pole or the threads of a bolt form a circular 
HELIX, 
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NORTHERN 
HEMISPHERE 


EQUATOR 


SOUTHERN 
HEMISPHERE 


HEMISPHERE 


HEMOSTATIC 
(FORCEPS) 


hemostatic 


hematin \'hem-ət-ən\ n. 
PHYSIOLOGY. An insoluble, nonprotein iron complex that is a 
constituent of hemoglobin; the colored portion of the hemo- 
globin molecule. 


When hemoglobin from red corpuscles is broken down, most 
of the HEMATIN is converted to bile pigment. 


hematite Vhem-o-,titV n. 
EARTH SCIENCE. FeO}, A mineral, iron oxide, the most abundant 
and important ore of iron. 


Rich deposits of Hematire are found near Birmingham, Ala- 
bama. 


hemisphere \'hem-a-,sfi(a)r\ n. 
l. EARTH SCIENCE. Either of two halves of the earth formed by 
an imaginary plane passing through the earth’s center. 2. 
MATHEMATICS. One of the two equal parts of a sphere obtained 
by cutting the sphere by a plane that passes through the center. 
3. ANATOMY. Either half of the lateral halves of the cerebrum 
or cerebellum. 


If we consider the earth a sphere, the Northern HEMISPHERE is 
divided from the Southern Hemisphere by the equator. 


hemoglobin Vh&-mo-glo-bonY n. 
ANATOMY and zooLocv. The oxygen-carrying pigment in the 
red corpuscles, composed of the nonprotein hematin and the 
protein globin. 
Combined with oxygen in the lungs, neMocLosN becomes 
bright red in color. 


hemorrhage Vhem-(o-)rijV n. 
MEDICINE. A rapid loss of blood from the vessels, resulting from 
broken or cut arteries, veins or capillaries. 
Treatment after a HEMORRHAGE may include a blood transfu- 
sion. 


hemostatic \,hé-me-'stat-ik\ adj. 
MEDICINE. Referring to any substance used to stop a flow of 
blood by constricting blood vessels or by starting the clotting 
process; also, referring to an instrument used to clamp a bleed- 


ing vessel. 
HEMOSTATIC forceps are often used to stop bleeding from large 
vessels during surgery. 
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hemotoxin \'hé-m6-,tak-son\ n. 
MEDICINE and pHystoLocy. Any substance capable of destroying 
blood cells. 


The memoroxın in cobra venom will dissolve red corpuscles. 


henry \‘hen-ré\ n. A . 
puysics. An electrical unit equal to 1 X 10° cgs units of in- 
ductance. 

Because the HENRY is a relatively-large unit, the millihenry, 
1/1000 as large, is commonly used. 


Henry’s law \'hen-réz 'lo\ 
CHEMISTRY and PHysics. A law stating that the weight of a gas 
dissolved in a given volume of liquid is directly proportional 
to the pressure of that gas on the surface of the liquid. 


HENRY’s LAW does not apply strictly to a gas that reacts with 
the liquid in which it dissolves. 


herb V(h)orbN n. 
sorANY. A flowering plant that has a soft stem without woody 
tissues. 


An uers is often valuable for its medicinal or flavoring proper- 
ties. 


herbivorous \,(h)ər-'biv-ə-rəs\ adj. 
zooLocY. Referring to animals that feed only on plants. 


Many of the large, prehistoric animals were HERBIVOROUS. 


heredity \ha-'red-ot-é\ n. 
BIOLOGY. In plants and animals, the transmission through re- 
production of factors that cause an offspring to resemble its 
parent or parents. 


The characteristics of an organism result from both HEREDITY 
and environment. 


hermaphroditic \(,)har-,maf-ro-'dit-ik\ adj. 
BIOLOGY. Pertaining to a living organism, either an animal or a 
plant, that has both male and female reproductive systems or 
organs in one individual. 


A HERMAPHRODITIC animal, such as a snail or an earthworm, 
produces both eggs and sperm. 


hermetic \(,)hor-'met-ik\ adj. 
Referring to airtightness or to airtight sealing. 


A vacuum chamber requires an effective Hermetic seal. 


Single reproductive organ located high 
in shell produces both eggs and sperm 


genital pore 


COMMON GARDEN SNAIL 


HERMAPHRODITIC 
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herpetology Vhor-po-'tül-o-jeV n. 
zoorocx. A branch of zoology concerned with the study of rep- 
tiles, such as snakes and turtles, and of amphibians, such as 
frogs and toads. It is sometimes defined to include only the 
study of reptiles. 


An investigator doing research in weRPETOLOGY may study the 
structures of such prehistoric reptiles as the dinosaurs. 


heterogeneous \,het-9-ra-'jé-né-as\ adj. 
CHEMISTRY. Pertaining to a mixture of unlike substances with 
clear and distinct surfaces or boundaries separating them; also, 
referring to the chemical or physical condition within a con- 
tainer or system in which a reversible reaction is at equilibrium. 


The condition existing in a container holding a saturated salt 
solution with salt resting on the bottom is described as HETERO- 
GENEOUS. 


heterophyte Vhet-o-ro-fitV n. 
BOTANY. A plant that does not carry on photosynthesis and that 
obtains its foods from other living and nonliving organisms. 


The mushroom is a HETEROPHYTE that obtains nourishment from 
dead leaves and other decaying organic matter. 


heterotroph \'het-ə-rə-,träf\ n. 
BIOLOGY. An organism that requires complex organic compounds 
of carbon and nitrogen to maintain life, as opposed to organ- 
isms that manufacture such compounds through photosynthesis; 
see autotroph. 
All higher animals are nererotRopHs, since they feed on plants 
or on other animals. 


heterozygote \,het-a-10-'zi-,got\ n. 
protocy. An animal or plant that has inherited from its parents 
unlike genes that control one or more characteristics, 
A HETEROZYGOTE may have both a dominant and a recessive 
gene for a particular trait. 


heuristic \hyu-'ris-tik\ adj. 
obe an assumption, something that is unproved and 
even dubious, but that is useful as a stimulus to further argu- 


ment or research. 
A ueunistic procedure starts with persuasion and then seeks 


proof. 
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hexagon \‘hek-so-,gin\ n. 
MATHEMATICS. A polygon having six sides. 


A regular wexAcon has six equal sides and angles. 


hexapod \'hek-sa-,pad\ n. 
zoorocx. One of the class Hexapoda or Insecta; a true insect 
having three pairs of legs and three main body divisions (head, 
thorax and abdomen). 


A housefly or a bee is an example of a iexarop, but a spider or 
tick is not. 


hibernate \'hi-bar-,nat\ v. 
zooLocv. To remain inactive during the winter months, as do 
some mammals, amphibians and reptiles; also, to become in- 
active during a phase of development, as some insects. 


When animals xusERNATE, their body temperatures are lower, 
and their rates of heartbeat and breathing decrease. 


high \‘hi\ n. 
EARTH SCIENCE. A region of high atmospheric pressure; an anti- 
cyclone. 


The wind moves in a clockwise direction around a mcn in the 
Northern Hemisphere and in a counterclockwise direction 
around a high in the Southern Hemisphere. 


high-fidelity Vhi fo-'del-at-é\ adj. 
ENGINEERING and PHYsics. Pertaining to a system that repro- 
duces sound having characteristics nearly the same as the origi- 
nal sound; also, referring to the sound reproduced. 


The wicH-FELITY reproduction of a concert gives the listener 
the effect of listening directly to the orchestra. 


high-frequency Vhi 'fré-kwon-sé\ adj. 
ENGINEERING. In radio communication, referring to any fre- 
quency within a range of 3 to 30 megacycles per second. 


HIGH-FREQUENCY waves have short wavelengths (the higher the 
frequency, the shorter the wavelength). 


high-octane gasoline \,hi-'ik-,tan ,gas-o-'lén\ 
CHEMISTRY. A gasoline that has an octane number higher than 
100. One example of a compound often used in such gasoline is 
the hydrocarbon triptane, with an octane number of 125; see 
octane rating. 


The use of HIGH-OCTANE GASOLINE provides increased power in 
engines. 


6 SIDES 


6 ANGLES 


HEXAGON 


HOUSEFLY 


HEXAPOD 


HIGH 
PRESSURE 
AREA 
HIGH 
PRESSURE 
AREA 


HIGH 


EQUATOR 


BEAN 


HILUM 


BRAIN 


Cerebellum 


HINDBRAIN 


EK 


CA TWIG 
HOARFROST 


hoarfrost 


high tide Vhi 'tid\ 
EARTH SCIENCE. The highest elevation of each rising tide; also 
called flood tide. 


The times of suck Twe vary from day to day. 


hilum Vhi-lomY n. 
BOTANY. The scar on a seed caused by the separation of the seed 
from its stalk, 


The nnum is easily observed on seeds that develop in a pod, 
such as beans and peas. 


hindbrain \‘hin(d)-,bran\ n. 
Anatomy. The embryonic nervous tissue that develops into the 
cerebellum, the pons and the medulla oblongata. 


HINDBRAIN is sometimes used to refer specifically to the cere- 
bellum and the pons. 


histamine \'his-ta-,mén\ n. 
MEDICINE and PHYSIOLOGY. C;H;N2*CH,*CH2:NH». An amine 
found in all animal and plant tissue that dilates the capillaries, 
lowers the blood pressure and stimulates gastric secretions; also, 
a synthetic drug with similar properties. 
HISTAMINE is sometimes used by physicians in testing stomach 
secretions. 


histogram Vhis-to-,gramY n. 
MATHEMATICS. A representation of frequency distributions on a 
graph by adjacent bars whose lengths are proportional to the 
mathematical quantities they represent and whose widths rep- 
resent equal intervals of the variable under study. 


A uisrocRAM may be used in the statistical analysis of research 
results, 


histology \his-'tal-o-jé\ n. 
BIOLOCY and MEDICINE. The microscopic study of the structure, 
composition and function of plant and animal tissues. 
The techniques of misto.ocy are used in medical practice to 
help diagnose certain diseases. 


hoarfrost Vho(o)r-,fróst n. 
EARTH SCIENCE. Small, silvery needles or crystals of ice that 
form on the ground and on objects near the ground when the 


temperature is below 0° C. or 32° F. 


Woanrnosr may consist partly of frozen dew and partly of ice 
crystals formed directly from water vapor. 


173 


174 


homeostasis 


homeostasis \,h6-mé-6-'sta-sas\ n. 
PHYSIOLOGY and zooLocv. A constant tendency toward stability, 
or uniformity, of the normal internal environment, or fluids in 
the tissues, of an organism. 


HOMEOSTASIS results from the maintenance of chemical equi- 
librium within body tissues. 


homogeneous V hó-mo- je-né-esV adj. 
1. cuemistry. Having uniform composition, both chemically 
and physically; also, consisting of a single phase. 2. MATHEMA- 
tics. Having all the terms of the same degree, as a polynomial, 
with respect to the variables in it. 3. BIOLOGY. Describing organ- 
isms having similar structures because of descent from a com- 
mon ancestor. 


A sugar is a HOMOGENEOUS substance. 


homogenize Vho-'máj-o-,nizV v. 
To form by mixing and by breaking up the fine particles or 
globules of a liquid within a liquid. 


Dairies RoMocENize milk to prevent separation of the cream 
from the milk. 


homoiothermic Vhó-,mói-o-'thor-mik adj. 
zooLocv. Referring to animals that maintain a body tempera- 
ture different from the temperature of the air or water around 
them; warm-blooded. 


Birds and mammals are HOMOIOTHERMIC, 


homologous series Vho-'mál-e-gos 'si(a)r-(,)éz\ 
CHEMISTRY. A series of carbon compounds having the same gen- 
eral formula in which each member differs from the preceding 
member by the same group, such as CH». 


Methane, ethane and propane are part of a HOMOLOGOUS SERIES 
called the paraffin group. 


homozygote \,ho-m6-'zi-,got\ n. 
BIOLOGY. An animal or plant that has inherited from its parents 
one or more pairs of like, or identical, genes. 


An offspring of two identically-purebred animals is a nomo- 
ZYGOTE in respect to all traits. 


horizon \ho-'riz-°n\ n. 
l. EARTH SCIENCE. The line or circle that appears to be the 
boundary between the earth and the sky; also, the surface be- 


Birds keep warm in winter 
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tween two rock units or between two soil layers, 2. ASTRONOMY. 
The great circle on the celestial sphere halfway between the 
zenith and the nadir. 


The noRizoN as seen by a person at sea is a complete circle, 
but on land it is usually broken by surface obstructions. 


hormone \‘hor-,m6n\ n. 
l. ANATOMY. In animals, a chemical substance that is formed 
by endocrine glands and secreted into the body fluids, having 
specific effects on other organs. 2. BorANY. A similar chemical 
agent in plants. 


One Hormone, insulin, regulates the metabolism of carbohy- 
drates. 


horn Vhó(o)rmN n. 
1. zoorocv. A bony, pointed growth on the head of some hoofed 
animals, occurring more often in the male. 2. EARTH SCIENCE. 
A high mountain peak with steep sides formed by cirques on at 
least two sides; also, a cape or headland. 


A Horn may be a solid bony growth or a special outgrowth of 
the epidermis around a bony inner core. 


horse latitudes Vho(o)rs ‘lat-a-,t(y)iidz\ 
EARTH SCIENCE. Belts of high-pressure areas that stretch across 
the temperate zones. They lie approximately 30 degrees north 
and 30 degrees south of the equator between the trade winds 
and the prevailing westerlies. 


Prolonged periods of light winds or calm air occur in the norse 
LATITUDES. 


horsepower \‘hor-,spaii(-a)r\ n. 
puysics. A unit of power, or rate of work, equal to 550 foot- 
pounds per second (33,000 foot-pounds per minute), or 746 


watts. 


Historically, Horserowen was based upon the rate at which a 
horse could do work. 


horticulture \'hort-a-,kal-char\ n. 
sorany. A branch of agriculture dealing with the growing of 
flowers, fruits and vegetables. 


Landscape gardening is sometimes considered a part of HORTI- 
CULTURE. 
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host 


host \'hést\ n. 


piotocy. A plant or animal that is a source of nourishment for 
a parasite. 


Some parasites live on the surface of the Host, while others live 
internally. 


hour angle Vaü(-o)r 'ag-gelV 
astronomy, The angular distance of a star or other object meas- 
ured along the celestial equator westward from the celestial 
meridian to the hour circle of the star. 


The nour ANGLE of a celestial object is equal to the sidereal 
time minus the right ascension of the object. 


hour circles Vaü(-o)r 'sər-kəlz\ 
ASTRONOMY. Circles on the celestial sphere that pass through 
the celestial poles. They correspond to meridians on the ter- 
restrial sphere and are often used in determining the position 
of stars. 


HOUR CIRCLES are at right angles to the celestial equator. 
hull VholN n. , 
1. BorANY. The outer covering, usually a husk or a shell, of a 


seed or a fruit. 2. AERONAUTICS and ENGINEERING. The body or 
the frame of an airplane or a ship. 


The mur of cereal grains, such as wheat and rice, contains 
most of the vitamin content found in those foods. 


humidity \hyii-'mid-ot-é\ n. 


EARTH SCIENCE. The water vapor content, or moisture, in the ` 


atmosphere, usually calculated as relative humidity or as abso- 
lute humidity. 


The absolute wumurry of air saturated with water vapor at 
room temperature is about 20 grams per cubic meter of air. 


humor Vhyü-morY n. 
PHYSIOLOGY. Any fluid or semifluid substance in the body. 


Light rays are refracted as they enter and leave the eye's aque- 
ous HUMOR. 


humus Vhyü-mesY n. 
EARTH SCIENCE. Dark-colored organic material in the soil, con- 


sisting of decomposed and partly-decomposed vegetable and 
animal matter. 


The mumus in soil is one of the earth’s most valuable natural 
resources. 
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hundredweight \"hon-dra-,dwat\ n. 
MATHEMATICS. A unit of weight equal to 100 pounds, or 45.36 
kilograms, in the United States and to 112 pounds, or 50.80 kilo- 
grams, in England. 


The metric HonvrEpweicur is equal to 50 kilograms. 


hurricane \'hər-ə-,kān\ n. 
EARTH SCIENCE. A severe windstorm or tropical cyclone having 
à diameter of from 50 to 1,000 miles; a wind of force 12 on the 
Beaufort scale (speed greater than 72 miles per hour). 


A HURRICANE is a storm that frequently originates in the West 
Indies in August, September or October. 


hybrid \'hi-brad\ n. 
BIOLOGY. An offspring resulting from the crossing of parents dif- 
fering in hereditary traits, the offspring often developing char- 
acteristics different from those of either parent. 


A npn that is larger and more vigorous than either parent 
is referred to as having hybrid vigor. 


hybrid computer Vhi-bred kom-'pyüt-orV 
MATHEMATICS, A computer that combines within itself the func- 
tions of both analog and digital computers. 


A HYBRID COMPUTER can convert data from analog to digital 
form and back again. 


hybridization \,hī-brəd-ə-'zā-shən\ n. 
BIOLOGY. The process of crossbreeding two individuals of unlike 
genetic makeup, thus producing a hybrid. 


If during uyBriwzation two hybrids are crossed, the offspring 
may resemble both parents, one parent or neither parent in 
some specific trait or characteristic. 


hydrate \'hi-,drat\ n. 
cHEMISTRY. A compound containing combined water of crystal- 
lization in a specific ratio by weight and by definite formula. 
A HYDRATE from which water has been removed is said to be 
anhydrous. 


hydrated ion \'hi-,drat-od ‘i-an\ 
CHEMISTRY. In a solute, an ion that has a strong attraction for 
a water molecule and that has become attached to it. 


The hydronium ion, H,O*, is a HYDRATED ION resulting from 
the combination of a hydrogen ion, H*, and a molecule of 


water, H:O. 
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hydration \hi-'dra-shon\ n. 
cuemnsrry, A chemical process in which a compound combines 
with water to form a hydrate. 


Blue vitriol is a well-known salt formed by the HYDRATION of 
copper sulphate. 


hydraulics Vhi-'dró-liks n. 
ENGINEERING. À branch of fluid mechanics concerned with the 
behavior, properties and uses of liquids in motion. 


The principles of myoravucs are utilized in civil, mechanical 
and chemical engineering. 


hydride \'hi-,drid\ n. 
cuemistry. A binary compound that is composed of hydrogen 
and another element, such as hydrogen sulfide, HS, or water, 
H:O. 


A nyprme may be covalent, saltlike or metallic. 


hydrocarbons \,hi-dro-'kir-bonz\ n. 
cHEMistry. Compounds containing only the elements hydrogen 
and carbon, such as methane, CH,, and acetylene, C,H». 


All xyprocarsons are combustible, and many of them are used 


as fuels. 


hydrochloric acid Vhi-dro-'klor-ik 'as-odV 
1, CHEMISTRY. A colorless, pungent-smelling liquid formed by 
the solution of hydrogen chloride, HCl, in water, yielding hy- 
dronium ions, H4O*, and chloride ions, Cl-. 2. pHystotocy. A 
highly-dilute acid that is found in the gastric juice of the 
stomach. 


HYDROCHLORIC ACID is used industrially for cleaning metals and 
in the preparation of chlorides. 


hydrodynamics \,hi-(,)dr6-(,)di-'nam-iks\ n. 
ENGINEERING. A branch of science dealing with fluids in motion; 
see hydraulics. 


hydroelectric power Vhi-dro-i-'lek-trik ‘pau(-a)r\ 
puysics. Electricity generated in a turbine that is turned by 
flowing or falling water. 


The amount of HYDROELECTRIC POWER produced by a water tur- 
bine depends on the pressure and the volume of the water that 
flows into the turbine. 


HYDROCARBONS 
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Octane Gasoline 
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Decane 

Undecane Kerosene 
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HYDROELECTRIC POWER 


hydrogen peroxide 


hydrofoil \hi-dra-,foil\ n. 
ENGINEERING and puysics. A platelike surface attached below 
the hull of a boat or seaplane. It contacts the water and pro- 
vides an increase in hydrodynamic lift to increase the speed of 
the boat or seaplane. 


A HYDROFOIL functions in water somewhat as an airfoil func- 
tions in air. 


One orbiting electron 


ges hydroforming \'hi-dra-,for-min\ n. 


p CHEMISTRY. The conversion of straight-chain hydrocarbons ob- 
s: NI tained from petroleum into ring compounds by heating them 
i AER N with hydrogen in the presence of a catalyst. 
| i + y The gasoline produced by HypROFORMING has very good anti- 
\ NT ue knock properties. 
\ K y 
~ hydrogen \'hi-dra-jan\ n. 
(ATOM) CHEMISTRY. A colorless, odorless, chemical element, gaseous at 
ordinary temperature and pressure and chemically very active, 
HYDROGEN combining with all elements except the inert gases. It is found 


in water, all organic matter and all acids, and it contains three 
isotopes: protium, H', deuterium, H?, and tritium, H*. Symbol, 
H; atomic number, 1; atomic weight, 1.00797. 


HYDROGEN is the least dense of all elements. 


hydrogenation \(,)hi-,driij-a-'na-shon\ n. 
cuemistry. The conversion of those liquid oils that are unsatu- 
rated hydrocarbons to saturated hydrocarbons by combining 
hydrogen with the unsaturated compounds, using nickel as a 
catalyst. 


Vegetable shortening and oleomargarine are often made by the 
HYDROGENATION 0f cottonseed oil. 


YDROCE IS hydrogen-ion concentration Vhi-dro-jon en 
kiin(t)-son-'tra-shan\ 
cuemustry. The concentration of hydrogen ions in a solution; 
also, a measure of the degree of acidity of a solution, generally 


/ 
ETHYLENE HYDROGEN ETHANE 


ap 
expressed as pH, where pH = log m 


A tenth-normal solution of hydrochloric acid has a high nypro- 
GEN-ION CONCENTRATION. 


hydrogen peroxide Vhi-dro-jon pə-'räk-,sīd\ 
cuemistry. HO». A compound of hydrogen and oxygen that is 
a colorless, sirupy liquid. In dilute form, it is used as an anti- 
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hydrologic cycle 


septic and as a bleaching agent and, in concentrated form, as 
an oxidizing agent in rocket fuels. 


At high temperatures, a concentrated solution of HYDROGEN PER- 
oxwe decomposes with explosive rapidity. 


hydrologic cycle \,hi-dro-'laj-ik 'si-kolN 


EARTH SCIENCE. The circulation of water as it evaporates from 
streams, lakes, oceans and land surfaces, condenses in the at- 
mosphere, falls to the earth as rain, sleet or snow and drains 
along or into the ground or into bodies of water where evapo- 
ration again takes place; also called water cycle. 


Water taken into plants and animals reenters the HYDROLOGIC 
cyce when respired or excreted by animals or when transpired 


by plants. 


hydrolysis Vhi-'drál-o-sosV n. 


curMisTRY. The reaction of water with another compound, such 
as a salt, resulting in the formation of a weak acid or a weak 
base; also, the reaction of water with another compound, such 
as sucrose, to produce two simple sugars, glucose and fruc- 
tose. 


Glucose is produced commercially by the mvpmoLvsm of 
starch. 


hydrometer Vhi-'drám-ot-orV n. 


ENGINEERING and PHYsics. Àn instrument used to measure the 
specific gravity of liquids; a device that floats upright in liquids 
at a depth dependent upon the density of the liquid. 


The "yDROMETER is widely used in determining the condi- 
tion of the antifreeze solution in the radiator of an auto- 
mobile. 


hydronium ion \hi-'drd-né-am ‘i-an\ 


CHEMISTRY. H3O*. A combination of a hydrogen ion and a water 
molecule, found in acid aqueous solutions; a hydrated pro- 
ton. 


The symbol for the hydrogen ion, H+, is often used in equations 
instead of the symbol for the HYDRONIUM ION. 


hydrophytes Vhi-dro-,fitsV n. 


BOTANY. Plants that grow in water or in very wet soil. 


Cattails and water lilies are HYDROPHYTES. 
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hydroponics \,hi-dra-'piin-iks\ n. 
BOTANY. The growing of plants in either sand or solution, the 
necessary minerals being provided in the form of dissolved in- 
organic salts; soilless gardening. 


HYDROPONICS, used mainly in plant experimentation, has also 
been used in agriculture on a limited scale. 


hydrosphere Vhi-dro-,sfi(o)r n. 
EARTH SCIENCE. The part of the earth that contains, or is covered 
by, water, including ground water, lakes, rivers, seas and at- 
mospheric water vapor; also, sometimes, the earth's envelope 
of water vapor. 


The uyprosPHERE includes the portions of the atmosphere and 
the lithosphere that contain water. 


hydrostatics \,hi-dro-'stat-iks\ n. 
puysics. The branch of mechanics concerned with water and 
other liquids not in motion, dealing principally with the pres- 
sure and equilibrium of liquids. 


The design of an underwater tunnel depends heavily on Hxoro- 
STATICS. 


hydrotropism \hi-'dra-tra-,piz-am\ n. 
pioLocy. The response of an organism to the stimulus of water 
or to moisture in the air. 


The growth of a plant root toward wet soil demonstrates HY- 


DROTROPISM. 
Difference in 
determines. hydroxide \hi-'drik-,sid\ n. 
relata hum sty, CHEMISTRY. An inorganic compound containing the hydroxyl 
Water evaporates radical OH-; also, the anion OH- itself. A solution of hy- 
UAE i A droxide has a bitter taste, feels slippery and turns red litmus 
paper blue. 
HYGROMETER The reaction of a wypROxwE with an oxide of a nonmetal pro- 


duces water and a salt. 


hygrometer \hī-'gräm-ət-ər\ n. 
ENGINEERING and PHysics. An instrument that measures the rela- 
tive or absolute humidity of air or other gases. 


The most common kind of #yGROMETER for measuring relative 


humidity is the wet- and dry-bulb thermometer, or psychrom- 
eter. 
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hygroscopic 


hygroscopic \,hi-gro-'skiip-ik\ adj. 
cnemistry. Readily absorbing and retaining moisture from the 
atmosphere. 


Anycroscoric salt, such as calcium chloride, is used to reduce 
dust on an unpaved road. 


hyoid \'hi-,did\ n. 
anatomy, A U-shaped bone located at the base of the tongue. 
The muscles of the tongue are attached to it, and it is suspended 
by ligaments from the styloid processes of the temporal bones. 


The nyom may be felt under the chin, just above the larynx. 


hyperbola \hī-'pər-bə-lə\ n. 
MATHEMATICS. A conic section having two branches and whose 
eccentricity is greater than one; also, the set of points the differ- 
ence of whose distances from two fixed points, called foci, is a 
constant. 


A HYPERBOLA, like other conic sections, is formed by the inter- 
section of a cone and a plane. 


hypersonic speed \,hi-por-'siin-ik 'spéd\ 
ASTRONAUTICS. Speed that is five or more times greater than the 
speed of sound (Mach number of 5 or more). 


Long, slender bodies and thin airfoils are characteristic of air- 
craft that fly at a HYPERSONIC SPEED. 


hypertension \,hi-por-'ten-chon\ n. 
MEDICINE and PHYSIOLOGY. A persistent, abnormal elevation of 
arterial blood pressure, especially the diastolic blood pressure; 
also, any abnormally-high tension. 


HYPERTENSION may accompany diseases of the kidneys. 


hyphae \‘hi-(,)fé\ n. 
BIOLOGY. The threadlike, colorless filaments that make up the 
mycelium, or plant body, of a fungus. 


The fuzzy growth we see on stale bread is a tangle of HYPHAE 
produced by the common mold, Rhizopus nigricans. 


hypocotyl \'hi-po-,kat-*I\ n. 
BOTANY. The part of the embryo of a seed that develops into 
the stem below the cotyledons. 


The root system develops from the lower end of a uxrocortyt. 
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hypotension Vhi-po-'ten-chonY n. 
MEDICINE and PHystoLocy. Unusually low blood pressure. 


HYPOTENSION may be the result of shock. 


hypotenuse \hi-'pit-°n-,(y)iis\ n. 
RA ES In a right triangle, the side opposite the right 
angle. 


The nyrorenuse is always the longest side of a right triangle. 


hypothalamus \,hi-p6-'thal-a-mas\ n. 
ANATOMY and zooLocy. The part of the cerebrum below the 
thalamus that exerts control over emotional responses, tempera- 
ture, water balance, appetite and fat metabolism. 


Electrical stimulation of the uyPoTHALAMUS of an animal re- 
sults in sleep. 


hypothesis Vhi-'páth-o-sos n. 
1. MATHEMATICS. The conditional part of a statement of impli- 
cation; also, the set of conditions of a theorem that are given 
as assumed or known. 2. Something held to be true because it 
seems to explain adequately the available data or observa- 
tions. 


A statement of implication is false if, and only if, the uypoTHE- 
sis is true and the conclusion is false. 


hypoxia \hip-'ak-sé-a\ 
puysiotocy. Oxygen deficiency in the blood, cells and tissues, 
caused at high altitude by low oxygen content in the atmos- 
phere or by low pressure. 


The danger of uvvoxta has been minimized in high-flying air- 
craft by the use of pressurized cabins and auxiliary oxygen 
supplies. 


hysteresis \ his-to-'ré-sas\ n. 
puysics. A lagging effect when a force upon a body is changed, 
seeming to be the result of internal friction; also, the effect in 
iron or steel within a magnetic field produced by a rapidly- 
alternating current. Residual magnetism in the iron or steel is 
reduced by the reversing current with each change of direction, 
the energy used in the process appearing as heat. 


To increase efficiency, the core of a transformer should be made 
from an iron alloy having low loss by HYSTERESIS. 
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ice age Vis 'āj\ 
EARTH SCIENCE. One of the prehistoric periods of time when 
glaciers covered large portions of continental land masses. Ice 
Age refers specifically to the Pleistocene epoch of geologic time, 
the most recent ice age. 


The glaciers now present in Greenland and Antarctica are simi- 
lar to those that covered greater areas during an 1ck AGE. 


iceberg \'is-,borg\ n. 
EARTH SCIENCE. A large mass of ice floating in the ocean; fre- 
quently, large blocks of ice that have broken away from a glacier 
and fallen into the sea. 


In salt water, an 1cEBERc floats with about Y& of its bulk above 
water and % below the water surface. 


ice sheet Vis 'shét\ 
EARTH SCIENCE. A glacier or a relatively-thick covering of ice 
on land areas. In a localized area, it is called an ice cap. 


Because an ice sHEET covers practically all of Greenland, the 
area isa cold desert. 


ich VikV n. 
MEDICINE and zootocy. A skin disease of freshwater fish caused 
by the invasion of a ciliated protozoan, Ichthyophthirius multi- 
filiis; also spelled ick. 


Aquarium fish often get 1cm. 


ichthyology \,ik-thé-'al-a-ja\ n. 
zooLocy. The science of the groups, forms, habits and develop- 
ment of fish. 


Field work in 1cxrmyoxocy includes the determination of fish 
populations in lakes, rivers and seas. 


identical twins \i-'dent-i-kol 'twinz\ 
Twins that result when one fertilized egg divides and separates 
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into two cells that then develop into individuals with the same 
hereditary traits. 


IDENTICAL TWINS are studied by psychologists to learn more 
about the effects of environment on personality, 


igneous rock Vig-ne-os 'rükV 
EARTH SCIENCE. Rock formed when hot, molten rock material, 
called magma, cools and solidifies within or on the earth. 


The faster an xcNEovs Rock cools, the smaller its crystals are and 
the finer its texture. 


ignition \ig-'nish-an\ n. 
1. cnEMisrRY. Heating a substance to a high temperature in the 
presence of air, resulting in the formation of oxides or other 
stable compounds, 2. ENGINEERING. Commonly, the electrical 
switch that is used to start a gasoline engine. 3. The act of ignit- 
ing or setting on fire; also, the process of starting combustion in 
a furnace, engine or rocket. 


One of the steps in analyzing wood for its mineral content is the 


IGNITION of a sample to remove the elements carbon and hydro- 
gen. 


IGY 
Abbreviation for International Geophysical Year. See Interna- 
tional Geophysical Year. 


ileum Vil-&-om n. 
ANATOMY and zooLocv. The last and longest part of the small 
intestine, extending from the jejunum to the large intestine. 
Absorption of food substances takes place in the neum, as well 
as in the other divisions of the small intestine. 


illumination Vil-,ü-mo-'nà-shon n. 
puysics. The amount of light that falls on a given area. 
The three most common units for measuring ILLUMINATION are 
the footcandle, the lux and the phot. 


ILS f 
Abbreviation for instrument landing system. See instrument 


landing system. 


image \'im-ij\ n. i 
na E d iaae projected on a surface by a lens, or series of 
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image orthicon 


lenses, or viewed directly by the eye through a lens; also, a 
reflection seen in, or projected by, a mirror. 


The picture on a photographic film is a permanent impression 
of an mac projected by a lens. 


image orthicon Vim-ij 'ór-thi-kànV 
PHYSICS. A television camera tube in which a light image is 
focused on a transparent, photosensitive plate that emits elec- 
trons in proportion to the amount of light it receives. 


The IMAGE ORTHICON tube is 100 to 1,000 times more sensitive 
to light than its predecessor, the iconoscope. 


imaginary numbers \im-'aj-a-,ner-é 'nom-berz\ 
MATHEMATICS. A complex number of the form a + bi, where a 
may be any real number, b may be any nonzero real number 
and i is defined to be the positive square root of —1, or \/—I. 
If a = 0, the resulting imaginary number is a pure imaginary 
number. 


Such numbers as \/—3 and \/—6 are IMAGINARY NUMBERS. 


imaginary roots Vim-'aj-o-ner-e 'rütsV 
MATHEMATICS. The roots of an equation or of a number that are 
complex numbers in which the imaginary part is not zero. 


The macinary noors of the equation x? + 49 = 0 are —7i and 
tfi. 


imbibition \,im-bo-'bish-an\ n. 
BIOLOGY. Absorption of water by substances such as cellulose 
(as in plant cells) and gelatin, causing them to swell. 


Shellac is used to prevent the rwszerriow of water by wooden 
objects. 


immiscible \(')im-'(m)is-9-bol\ adj. 
CHEMISTRY. Referring to liquids that will not mix or blend with 
each other. 


Kerosene and water are IMMISCIBLE. 

immunity \im-'yii-not-é\ n. 
MEDICINE and PHYSIOLOGY. The ability of an organism to resist 
or overcome a disease to which members of its species are usu- 
ally susceptible; also, the ability to overcome certain toxins or 
poisons, such as those from a bee sting or mosquito bite. 


The thymus gland produces antibodies that give rmuntry 
from several diseases of infancy. 
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immunology Wim-yo-'nál-o-j&V n. 
MEDICINE. The study of the way animals and plants resist, or 
become immune to, disease-producing organisms. 


Many epidemic diseases have been nearly eradicated through 
advances in IMMUNOLOGY. 


impact velocity \'im-,pakt vo-'lis-at-é\ 
PHYSICS. In ballistics, a standard comparison for guns in which 
the speed of a bullet fired from a gun is measured at a given 
distance from the gun. 


With all other conditions equal, the longer a gun’s barrel, the 
greater the impact vetoctry of a bullet fired from it. 


impedance \im-'péd-*nts\ n. 
PHYSICS. An apparent force that opposes the action causing it; 
usually, the apparent force that resists the passage of alternating 
electric current through a circuit. This resistance is caused by 
the combined effect of electrical resistance and reactance. 


Because a coil's imPEDANCE is greater than its resistance, less 
alternating current than direct current of the same voltage will 
flow through it. 


impermeable \(')im-'per-mé-9-bal\ adj. 
Referring to that quality of a substance that prevents specific 
materials from spreading into or through it. 


Rubber is iwpeRMEABLE to water and air. 


implication \,im-plo-'ka-shon\ n. ` 
MATHEMATICS. À compound statement or proposition of the "if 
... then" form. The statement following the word “if” is known 
as the hypothesis, and the one following the word "then" is the 
conclusion. 


An IMPLICATION is false only when it has a true hypothesis and 
a false conclusion. 


implosion Vim-'plo-zhen n. 
rHYsrcs. A violent shattering as a result of force exerted from 
the outside of a hollow object toward the inside; a sudden col- 


lapsing inward. 
An 1MPLOSION may occur when air pressure outside a vacuum 
bottle crushes its walls. 


impregnation Vim-preg-na-shonY n. 
1. CHEMISTRY. Saturation of a solid with a liquid. 2. ANATOMY 
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improper fraction 


and zoorocx. Fertilization of an ovum. 3. EARTH SCIENCE. A scat- 
tering of mineral ore through rock, rather than in a solid vein. 


IMPREGNATION of wood with creosote will slow the wood's 
decay. 


improper fraction \(')im-'priip-or 'frak-shonV 
MATHEMATICS. In arithmetic, a fraction whose numerator is 
equal to, or larger than, its denominator; also, in algebra, a frac- 
tional expression whose numerator has an equal or higher de- 
gree than its denominator. 


The expression 44 is an IMPROPER FRACTION. 


impulse \'im-,pals\ n. 
1. puysics. A quantity that represents the change in momen- 
tum of an object, produced by a specific force for a given time. 
2. prystotocy. The electrical activity along nerve fibers, result- 
ing from stimulation. 


The mmputse given to a bullet is limited by the short time the 
bullet is contained within the barrel after firing. 


inactive \(')in-'ak-tiv\ adj. 
CHEMISTRY. Referring to a substance that does not react readily 
with most other substances at ordinary temperatures but that 
may react at high temperatures or in the presence of a catalyst. 


Nitrogen is inactive at ordinary temperatures, but at the tem- 
perature of burning magnesium it becomes active and will re- 
act with magnesium. 


inbreeding \'in-'bréd-in\ n. 
proLocy. Repeated crossing of organisms of the same family 
line, resulting in a strain of individuals with predictable char- 
acteristics. 


INBREEDING and crossbreeding are used to produce hybrid corn. 


incandescence \,in-kan-'des-*nts\ n. 
puysics. The glow or radiation given off by an object that has 
been heated to a high temperature. Incandescence may occur 
in a solid, a liquid or a gas. 


Light given off by an ordinary lamp bulb is caused by the m- 
CANDESCENCE 0f the metal filament within the bulb. 

incenter \'in-,sen-tar\ n. 
MATHEMATICS. The center of a circle inscribed in a polygon. 


The 1NcENTER Of a triangle is the point at which the bisectors 
of the angles of the triangle are concurrent. 
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inch VinchV n. 


MATHEMATICS. A unit of linear measure equal to 4» foot. 


An incu is equal to 2.54 cm. 


incident beam of light Vin(t)-sad-ont 'bém ov ‘Tit\ 
PHYSICS. A beam of light that strikes the surface of an object 
or a substance. 


The amount of refraction of light by glass depends on the angle 
of the INCIDENT BEAM OF LIGHT. 


incisor \in-'si-zar\ n. 
ANATOMY and zootocy. Any one of the single-rooted front teeth 
that are located in the center of both the upper and lower jaws. 


An rcisor is used to cut food into smaller parts as it is taken 
into the mouth. 


inclination \,in-klo-'na-shon\ n. 
1, ASTRONOMY. The angle created by the intersection of the 
plane of an orbit and the plane of the orbit of the earth, 2. De- 
viation from the yertical or horizontal. 


The 1NciaNATION of Mercury's orbit is 7 degrees. 


inclined plane \in-'klind 'plànV 
ENGINEERING and PHYSICS. A flat surface, slanting upward, along 
which an object may be slid in order to decrease the force 
needed to lift the object; one of the simple machines. 


An INCLINED PLANE has many practical uses. 


included angle Vin-'klüd-ad 'ay-gal\ 
MATHEMATICS. The angle formed by two designated sides of a 
polygon. 
Two triangles that have two sides and the 1NctupED ANGLE equal 
are congruent. 


incomplete dominance Vin-kom-'plet 'dám-(o-)non(t)sN 
BIOLOGY. A characteristic of some pairs of genes when neither is 
totally dominant nor totally recessive, and the traits of each are 
blended and passed on to offspring. For example, crossed red 
and white flowers may produce pink flowers instead of red or 
white ones. 


INCOMPLETE DOMINANCE is one exception to Mendel's laws of 
heredity. 
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incomplete metamorphosis 


incomplete metamorphosis Vin-kom-"plet ,met-o-'mór-fo-sasV 
zoo.ocy. The kind of development among several groups of in- 
sects in which the immature forms, called naiads, are adapted 
to an aquatic life and then change into the terrestrial adult stage 
without passing through a resting stage. 


In the INCOMPLETE METAMORPHOSIS of mayflies, the naiads live 
for years, while the adults live for about one day. 


increment \'in-kra-mont\ n. 
1. MATHEMATICS. The difference in the numerical value of a 
variable as it changes from a given value to a greater or smaller 
value. 2. An increase. 


In calculus, an INCREMENT in the variable x is generally desig- 
nated by the symbol A x. 


incubation \,in-kyo-'ba-shen\ n. 
1. BioLocy. Inducing the development of fertilized eggs by the 
application of heat. 2. menice. The period between the time 
an infection enters the body and the first appearance of the 
symptoms of the disease. 


Artificial rscusation of chicken eggs is often used in modern 
hatcheries. 


independent assortment Vin-do-'pen-dent 9-'so(a)rt-mant\ 
BIOLOGY. A term referring to inherited characteristics, each trait 
being a separate entity not influenced by the expression or sup- 
pression of any other trait. For example, the tendency for blue 
eyes may be inherited along with either straight hair or curly 
hair. 
Gregor Mendel discovered the law of INDEPENDENT ASSORTMENT 
when he realized that characteristics can separate and combine 
again in different ways in different generations. 


independent variable \,in-da-'pen-dont 'ver-e-o-boalV 
MATHEMATICS. The symbol used to denote any member of the 
domain of a function; thus, the symbol appearing as the first 
entry of the ordered pair that defines a function; also, a symbol 
to which different values chosen from the domain of the func- 
tion may be assigned and from which the corresponding values 
of the dependent variable are computed. 


In the function f = (x, y), where x is a real number and y = 8 
— x, x is the INDEPENDENT VARIABLE. 


index \'in-,deks\ n. 
MATHEMATICS. À symbol showing the power or root of a num- 


ber. 
In the expression 4*, * is an wex indicating that 4 is squared. 
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index fossil \'in-,deks 'fás-alV 
EARTH SCIENCE. Any fossil found only in rocks of a specific geo- 
logic age; a guide fossil. 
An INDEX FossIL is most useful in establishing the age of a rock 
stratum. 


index number Vin-,deks 'nom-bar\ 
MATHEMATICS. In statistics, the value of a quantity, usually its 
cost, used as a base level with which related values over a 
period of years can be compared. 


The 1NpEx NUMBER is usually based on 100. 


index of refraction Vin-,deks av ri-'frak-shon\ 
PHYSICS. A number expressing the relative amount of change 
of direction a beam of radiation undergoes when passing from 
a vacuum into a given transparent substance, or from one sub- 
stance into another. 


The unusual sparkle of diamonds is caused in part by their 
high INDEX OF REFRACTION, 


indicator \'in-da-,kat-or\ n. 
CHEMISTRY. Any substance present in a chemical reaction or 
solution that shows, usually by a color change, something about 
the reaction or the conditions in the solution. An indicator is 
frequently used to determine the acid or alkaline nature of a 
solution. 


The juice from grapes or red cabbage may act as an INDICATOR 
when placed in acid or alkaline solutions. 


induced current \in-'d(y)iist 'kor-ont\ 
puysics. An electrical current set in motion through a con- 
ductor by a magnetic field moving or varying relative to the 
conductor. 


One can produce an INDUCED CURRENT in a circuit that contains 
a coil by moving a bar magnet. 


induction Vin-'dok-shonV n. 
1. puysics. The production of an electric charge or magnetic 
field in an object caused by the objects being near an elec- 
trically-charged body or in a magnetic field originating in 
another object. 2. The process of reasoning from the particular 
to the general. 


An iron rod laid in a north-south direction on the earth’s sur- 
face may become noticeably magnetized by 1NpucrioN after 
several weeks. 
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